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Quality  of  Life:  Earth  Dependent 

A  Guest  Editorial  by  Dr.  Rene  Dubos 

During  my  school  days  in  France,  at  the  begin- 
ning of  the  century,  I  learned  that  the  development 
or  introduction  of  new  varieties  of  plants,  breeds  of 
animals,  and  methods  of  cultivation  had  begun  to 
transform  agriculture  and  to  enrich  Europe  long 
before  modern  times.  The  application  of  scientific 
research  to  farm  problems  is  thus  veiy  old.  But  it  is 
also  certain,  on  the  other  hand,  that  the  creation  of 
the  land  grant  colleges  and  agricultural  experiment 
stations  in  the  United  States  represented  a  really 
new  departure  for  the  late  19th  century,  because  it 
constituted  the  first  systematic  attempt  to  convert 
farming  from  a  practice  to  a  technological  discipline. 

The  productivity  and  efficiency  of  modern  agri- 
culture is  not  the  only  evidence  for  the  success  of 
this  new  approach.  Increasingly  all  over  the  world, 
much  of  agricultural  research  is  now  conducted  out- 
side universities  by  private  enterprises  such  as  the 
fertilizer  and  pesticide  industries,  the  producers  of 
seeds  and  feeds,  the  fami  implement  makers. 

In  contrast,  academic  scientists  arc  becoming 
more  and  more  oriented  toward  theoretical  prob- 
lems which,  even  when  they  are  directly  relevant  to 
agriculture,  are  not  likely  to  exert  a  significant  effect 
on  its  course.  Yet,  there  are  many  reasons  to  believe 
that  the  directions  of  the  agricultural  enterprise  will 
soon  have  to  be  altered,  because  some  of  its 
present  practices  are  incompatible  ^vith  ecological 
constraints. 

During  the  19th  and  20th  centuries,  the  success 
of  Western  civilization  was  measured  almost  ex- 
clusively in  terms  of  quantitative  production  of 
food  and  manufactured  goods  rather  than  of  quality 
of  life.  This  attitude  was  justified  until  a  few  decades 
ago,  because,  on  balance,  most  increases  in  produc- 
tion resulted  in  healthier,  longer,  and  richer  life. 
However,  the  moimting  roster  of  environmental 
problems,  which  have  resulted  from  technical  ad- 
vances, strongly  suggests  that  this  phase  of  Western 
civilization  will  soon  come  to  an  end.  Modern 
societies  can  survive  only  if  they  make  quality  of 
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THE  ENVIRONMENT 
AND  AGRICULTURE 

Issues  and  Answers 


T.  C.  BYERLY 


MUCH  has  already  been  written  about  our  en- 
vironmental problems.  In  the  months  and 
years  ahead,  we  can  reasonably  expect  the  commen- 
tary on  this  subject — both  oral  and  written — to  con- 
tinue proliferating. 

If  some  of  this  commentary  may  be  termed  "fancy 
rhetoric,"  it  is  only  because  man  finds  himself  in  a 
bewildering  state  of  confusion  as  to  what  needs  to 
be  done,  what  can  be  done,  and  how  to  do  it.  Hugh 
Bennett  used  rhetoric  to  start  a  crusade.  And  be- 
cause of  it,  we  learned  how  to  better  manage  our  soil 
resources. 

Whether  we  start  with  rhetoric  or  not,  the  is- 
sues involved  must  be  properly  identified — and  then 
resolved  through  whatever  mode  of  action  suits 
best.  In  this  paper  I  have  undertaken  to  answer  six 
questions  that  either  directly  or  indirectly  con- 
cern agriculture's  role  in  environmental  quality. 

What  is  the  environment? 

Simply,  it  is  the  aggregate  of  surrounding  things, 
conditions,  and  influences.  But  surrounding  what? 
Surrounding  me;  surrounding  you;  surrounding  us. 
Our  primary  concern  is  with  the  environment  of 
which  we  are  a  part,  of  that  of  which  our  progeny 
for  generations  to  come  will  be  a  part. 


President  Nixon,  in  his  State  of  the  Union  Mes- 
sage, phrased  it  this  way:  "The  truly  significant  en- 
vironment for  each  of  us  is  that  in  which  we  spend 
eighty  percent  of  our  time — that  is,  our  homes,  our 
places  of  work  and  the  streets  over  which  we  pass." 

But  while  each  of  our  micro-environments  may 
add  up  to  the  global  environment,  it  is  not  likely  that 
we  can  understand  the  global  environment  by  limit- 
ing our  studies  to  the  niches  in  which  we  live. 

The  "space  ship  earth"  analogy  has  some  con- 
ceptual significance.  The  National  Research  Coun- 
cil's Geophysical  Research  Board,  in  a  report  of  a 
summer  study  of  the  role  of  ground-based  research, 
describes  the  earth  as  "a  giant  spin-stabilized 
spacecraft"  {6)  } 

What  are  the  major  factors  and  interactions 
determining  the  quality  of  the  environment? 

Whether  urban  or  rural,  global,  terrestrial,  aqua- 
tic, macro,  meso,  or  micro,  environments  in  which 
people  live  do  have  some  common  parameters. 
Somehow  we  must  use  measurements  of  these 
parameters  in  developing  an  index  of  quality. 

A  recent  report  (2)  by  the  Environmental  Studies 
Board  of  the  National  Academy  of  Sciences — Na- 
tional Academy  of  Engineering  suggests  that  we 
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must  monitor  and  take  account  of  changes  in  at  least 
the  following  factors: 

•  Physical  and  chemical  properties  of  land,  air, 
and  water. 

•  Distribution  of  plants  and  animals  in  land,  air, 
and  water. 

•  Land  use,  including  diversity  of  purpose. 

•  Construction. 

•  Noise. 

•  Epidemiology  of  man,  animals,  and  plants. 

•  Evidence  of  environmental  stress  such  as  tran- 
quilizer consumption  and  social  behavior. 

•  Aesthetic. 

Major  determinants  of  the  quality  of  the  en- 
vironment— in  addition  to  the  objective  parameters 
and  interactions — include  perception  of  the  environ- 
ment by  its  inhabitants,  perception  of  specific  en- 
vironments or  habitats  by  others,  and  especially  the 
perception  of  his  own  identity  by  each  habitant. 

The  words  aspiration,  arrogance,  expectation, 
jealousy,  cooperation,  conflict,  anomia,  and  frustra- 
tion describe  ways  man  senses  his  environment  and 
his  part  in  it.  Perception  of  the  environment  by  any 
individual,  his  estimate  of  himself,  the  opinion  of 
others — all  are  important  to  the  individual's  esti- 
mate of  the  quality  of  the  environment.  To  fully  ap- 
preciate the  importance  of  these  factors,  I  commend 
to  your  reading  an  article  in  a  recent  issue  of  Agri- 
cultural Science  Review  by  Sarah  ShoflFner  of  the 
University  of  North  Carolina  at  Greensboro:  "Self 
Concept:  Its  Role  in  Breaking  the  Poverty  Cycle 
(9)."  According  to  Shoflfner,  recent  research  has 
given  new  credence  and  validation  to  the  old 
maxim :  "To  enlarge  what  a  man  can  do,  you  must 
first  enlarge  what  he  thinks  he  can  do." 

What  is  good  environment?  Eric  Hoflfer  relates 
that  he  bought  a  copy  of  Montaigne's  essays,  a  thou- 
sand pages,  second  hand  for  a  dollar,  in  anticipation 
of  being  snowbound  for  a  winter  in  the  Sierras.  He 
was.  He  read  the  book  three  times.  That,  he  implies 
is  how  he  learned  to  write — in  a  good  environment 
[3). 

I  like  the  way  Hoffer  says  things.  Consider:  "The 
uniquely  human  fact  that  discontent  is  at  the  root 
of  the  creative  process,  that  the  most  gifted  members 
of  the  human  species  are  at  their  creative  best  when 
they  cannot  have  their  way,  and  must  compensate 
for  what  they  miss  by  realizing  and  cultivating  their 
capacities  and  talents." 


In  this  time  of  discontent,  will  the  environment, 
the  quality  of  life,  provide  the  challenge  required  to 
bring  together  people  of  all  ages,  races,  opinions, 
economic  levels,  and  cultures? 

What  is  the  present  condition  of  the  environ- 
ment? 

The  NAS-NAE  Environmental  Studies  Board 
report  of  its  Environmental  Study  Group  states: 
"The  quality  of  our  lives  is  directly  related  to  the 
quality  of  our  environment  and  the  quality  of  that 
environment  has  deteriorated  as  our  national  af- 
fluence has  increased  (2). 

There  is  no  gainsaying  the  fact  that  our  air  is  pol- 
luted, and  increasingly  so,  with  gaseous  and  par- 
ticulate pollutants  from  burning  fossil  fuels  in  auto- 
mobiles and  other  transport  vehicles,  in  generation 
of  electricity  and  household  heating.  Burning  crop 
wastes,  forest  wastes,  forest  fires,  trash  and  garbage, 
gases  and  fly  ash  from  factory  stacks  and  refineries 
add  their  burden.  Odors,  too,  pollute  the  air — some 
from  agricultural  activities. 

Our  waters  are  overburdened  with  sewage  wastes, 
sediments  eroded  from  roads,  construction  sites,  and 
poorly  managed  farm,  range,  and  forest  lands.  Some 
nitrogen  is  leached  from  farm  and  forest  lands, 
some  pesticide  chemicals  are  carried  in  runoff  water 
and  on  sediment  into  our  lakes  and  streams. 

Our  land  is  pocked  with  abandoned,  worked-out 
surface  mines — more  than  3  million  acres  of  them. 
Junk  and  other  solid  wastes  pollute  our  landscape. 
And  residues  of  pesticide  chemicals — arsenic,  lead, 
copper,  mercury,  organo-chlorines  and  others — pol- 
lute our  soils.  Under  and  about  feedlot  areas,  nitro- 
gen in  excess  of  any  possible  usage  by  growing  plants 
becomes  a  pollutant  to  soil,  air,  plants,  and  water. 

Noise  and  heat  are  pollutants  growing  in  impor- 
tance. As  yet  they  are  chiefly  of  local  and  urban 
origin. 

Pollution  is  not  a  new  thing.  In  many  cases,  pollu- 
tion is  simply  over  concentration  at  particular  times 
and  places.  Pollution  is  a  function  of  activity  per  unit 
area,  of  people,  animals,  industry.  It  is  equally  obvi- 
ous that  rapid  industralization  of  agriculture  and 
the  concomitant  accelerated  urbanization  have  re- 
sulted in  deterioration  of  many  urban  and  rural  en- 
vironments. Shifts  in  traffic  patterns,  growth  in 
automobile  and  air  traffic  have  impaired  the  quality 
of  life. 
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What  is  agriculture's  contribution  to  the  quality 
of  the  environment? 

It  has  become  fashionable  to  cite  the  detrimental 
contributions  of  agriculture  to  the  quality  of  the 
environment.  Although  this  aspect  deserves  serious 
discussion  and  analysis,  we  tend  to  overlook  the 
beneficial  contributions — both  actual  and  potential. 

It  is  only  because  agriculture  is  efficient  that  we 
may  hope  to  improve  the  quality  of  the  environment, 
the  quality  of  life.  Consider  our  land  resources,  for 
example.  We  have  more  than  600  million  acres  of 
Class  I — III  land.  Less  than  half  of  this  is  used  for 
crops.  Yet  our  wise  use  of  this  land,  coupled  with 
improved  technology,  has  made  us  the  leading  agri- 
cultural nation  in  the  world.  The  rest  of  this  avail- 
able land  is  used  for  trees  and  grass  and  living  space ; 
some,  unfortunately,  goes  under  pavement  every 
year. 

From  the  viewpoint  of  potential  contributions  to 
the  quality  of  the  environment,  consider,  for  ex- 


ample, the  opportunities  that  exist  for  land  planning 
to  provide  continuing  open  space  near  our  cities. 
Of  equal  importance  is  the  opportunity  for  planning 
the  new  communities  which  will  be  needed  for  the 
100  million  additional  citizens  who  will  be  here  in 
year  2000. 

New  cultural  centers,  locations  for  new  industry, 
new  service  centers,  new  recreational  centers  can 
be  planned  to  serve  both  local  communities,  the 
States,  and  the  Nation.  In  addition  to  assuring  land 
requirements  for  production  of  food,  fiber,  and 
forest  products,  we  will  continue  to  need  coordinated 
programs  for  land  and  urban  and  industrial  develop- 
ment, transportation,  outdoor  recreation,  flood  pre- 
vention, water  harvest,  wildlife  habitat,  and  natural 
beauty. 

In  my  discussion  of  the  undesirable  contributions 
of  agriculture  to  environmental  quality,  I  shall  in- 
corporate essential  concepts  which  I  think  may  pro- 
vide some  of  the  answers  we  have  been  seeking.  The 
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key  to  implementing  these  concepts  lies  in  the  effec- 
tive use  of  systems.  In  agriculture,  a  system  can  mean 
many  things. 

Every  farmer  is  an  ecologist  of  sorts.  He  manages 
an  ecosystem,  an  agro-ecosystem,  or  several  of  them. 
As  Kellogg  and  Orvedal  (5)  have  succinctly  put  it: 
"Each  farmer  makes  his  own  arable  soil  from  either 
a  natural  soil  or  an  old  arable  soil.  He  may  change 
it  only  a  little  or  he  may  change  it  drastically  by  re- 
shaping the  surface  for  water  control,  by  adding 
fertilizers  to  correct  plant  nutrient  deficiencies,  by 
adding  other  materials  to  correct  acidity  or  alkalinity 
or  to  improve  the  structure  of  the  soil,  or  by  tilling  in 
depth." 

The  soil  is  a  living  system.  Treated  wisely,  it  may 
sustain  man  and  his  living  associates,  plant  and 
animal,  generation  after  generation,  with  steadily 
improving  productive  capacity. 

We  commonly  think  of  agriculture  in  terms  of 
types  of  farming — dairy,  fruit,  cash  grain,  cotton, 
and  so  on.  Our  thinking  seems  to  have  been  focussed 
on  commodities,  not  systems.  But  the  systems  are 
there.  We  have  been  busy  building  large  scale, 
highly  mechanized  commodity  production  systems 
without  sufficient  regard  for  the  agro-ecosystems  in 
which  commodities  are  produced. 

Consider  cotton,  for  example.  The  cotton  agro- 
ecosystem  is  dominated  by  a  rather  uniform  popula- 
tion of  a  single  species. 

Highest  cotton  yields  are  obtained  in  sunny,  long 
season,  irrigated  areas.  They  require  abundant,  well- 
managed  water,  suitable  soil,  adequate  fertilization, 
good  genetic  stocks,  timely  tillage,  and  pest  control. 
Included  in  the  cotton  ecosystem  are  weeds,  trash, 
trees,  ditches,  ditch  banks,  roads,  fence  rows,  turn 
rows,  farmsteads,  and  frequently,  intermingled  areas 
of  other  crops  and  woodlands  and  wastelands.  The 
area  included  must  be  large  enough  so  that  the  more 
significant  populations  can  complete  their  life  cycles 
within  it.  There  is  likely  to  be  substantial  movement 
of  species  into,  within,  and  out  of  the  system. 

But  when  we  concentrate  our  attention  on  a  com- 
modity production  system — without  proper  regard 
for  the  cotton  agro-ecosystem — undesirable  things 
may  happen. 

In  the  San  Joaquin,  for  instance,  early  pesticide 
treatment  for  lygus  bugs  may  be  followed  by  ex- 
plosive bollworm  infestations.  But  planting  alfalfa 
strips  and  delaying  lygus  bug  treatments  permit 


parasites  to  help  keep  lygus  bug  populations  in 
check  without  bollworm  explosion. 

In  the  Lower  Rio  Grande,  bollworms  and  the 
tobacco  budworm  have  developed  resistance  to 
pesticide  chemicals.  Omission  of  early  season  chemi- 
cal pesticide  treatment  in  1969  was  followed  by  yield 
increases  of  20  percent.  Pesticide  application  was 
halved. 

These  practices  may  be  regarded  as  necessary 
components  of  an  effective  cotton  agro-ecosystem. 
We  commonly  refer  to  the  whole  system  as  inte- 
grated control.  The  kinds  of  integrated  systems  will 
vary  from  area  to  area,  depending  upon  the  kinds 
of  pests  present. 

Ray  Smith  and  his  colleagues  (//)  at  the  Uni- 
versity of  California  have  developed  concepts  and 
practices  for  integrated  control  of  cotton  insects. 

For  a  number  of  reasons,  scientists  are  seeking  to 
improve  integrated  control  methods  for  cotton 
pests:  (1)  Cotton  is  heavily  dependent  on  insecti- 
cides, (2)  cotton  insect  pests  require  a  variety  of 
chemicals  for  their  control,  and  (3)  chemicals  ef- 
fective against  one  insect  pest  may  kill  the  parasites 
and  predators  of  another  pest  against  which  it  is 
not  effective.  It  seems  certain,  therefore,  that  inte- 
grated control  will  continue  to  play  a  dominant 
part  in  the  whole  cotton  agro-ecosystem. 

Another  of  our  commodity  production  systems — 
hog  production — has  also  introduced  factors  detri- 
mental to  environmental  quality.  When  the  em- 
phasis is  on  mass  production  of  this  particular  com- 
modity, waste  disposal  can  seriously  disrupt  the 
agro-ecosystem. 

The  old  McLean  County  hog  system  minimized 
the  waste  disposal  problem.  Farrowing  houses  were 
distributed  over  the  pasture  area.  The  pasture  was 
part  of  the  system;  so  was  the  manure;  and  so  were 
the  worms  the  pigs  recycled.  Very  often,  when  pigs 
reached  feeder  size,  they  were  placed  in  the  cattle 
feedlot  to  glean  their  food  from  the  cattle 
droppings. 

Now  we  have  confinement  systems,  feeder  pig 
systems,  pathogen-free  systems.  The  trend  is  toward 
larger  and  larger  units,  continuous  production,  con- 
centrations of  large  amounts  of  waste. 

One  of  our  most  urgent  needs  is  effective  waste 
disposal  systems  which  do  not  contaminate  air,  soil, 
and  water.  Lagoon  systems,  even  when  they  work, 
discharge  nutrient-laden  effluent  into  streams. 
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Table  1. — Waste  disposal  problem  for  U.S.  livestock  raised  in  large-scale  operations  in  terms  of 

human  waste  equivalent 


The  amount  of  animal  waste  produced  by- 


Is  equivalent  to  the 
human  waste  produced 
by- 


5  million  feedlot  cattle   50  million  people 

7  million  milk  cows     105 

100  million  laying  hens   10 

50  million  turkeys   5 

400  million  broilers   20 

10  million  hogs   10 

2  million  lambs  on  feed   1 


Total  equivalent   201  million  people 


Table  1  shows  the  massive  problem  in  disposing 
of  animal  wastes  produced  by  livestock  raised  in 
large-scale  confinement  operations  where  wastes  are 
not  naturally  dispersed.  Figures  in  column  1,  which 
are  conservatively  estimated,  do  not  include  live- 
stock raised  in  small-scale  feeding  operations,  nor 
those  dispersed  on  farms  and  ranges.  Note  that  the 
total  amount  of  waste  produced  by  large-scale  live- 
stock operations  is  approximately  equal  to  that 
produced  by  the  entire  population  of  the  United 
States  (etsimated  at  204  million  in  January  1970). 
By  1980,  I  estimate  that  the  quantity  of  animal 
wastes  subject  to  mass  disposal  methods  will  be 
double  what  it  is  today. 

A  number  of  solutions  have  been  proposed  for 
meeting  this  massive  disposal  problem :  ( 1 )  Com- 
posting and  ultimate  return  to  the  soil,  (2) 
settling,  flocculation,  dehydrahation,  or  other  means 
of  concentration  coupled  with  ultimate  return  to 
the  soil,  (3)  recycling,  perhaps  selectively,  with  or 
without  processing  as  animal  feed,  (4)  incinerating, 
and  (5)  laissez  faire;  that  is,  a  do-nothing  policy. 

All  of  these  methods  have  defects.  In  many  cases, 
the  cost  of  waste  disposal  will  exceed  the  value  of 
the  waste  to  the  user.  These  costs  may  be  reflected 
in  the  price  of  the  product  or  in  taxes. 

Systems  with  which  we  are  concerned  include 
the  energy  system ;  one  burgeoning  component  of 
it  is  electricity.  The  Office  of  Science  and  Tech- 
nology estimates  that  255  new  plants  will  be  needed 
by  1990.  They  will  have  a  capacity  of  one  million 


megawatts — three  times  the  capacity  of  the  3,000 
plants  now  existing.  It  is  probable  that  160  plants 
will  have  cooling  towers  by  1990. 

Thermal  pollution  will  become  a  major  issue. 
Location  of  new  plants  and  burial  of  transmission 
lines  are  already  environmental  issues.  Economic 
and  social  costs  and  benefits  will  be  debated 
throughout  the  land.  This  will  inevitably  be  one 
of  the  major  environmental  issues  in  rural  as  well 
as  in  urban  America  and  in  the  world  {8). 

The  Unesco  Chronicle  for  November  1969  quotes 
Moscow  University  Professors  Kalinin  and  Bykov  as 
follows:  "Power  is  now  generated  and  consumed 
by  industry  at  such  an  accelerating  rate  that  this 
will  seriously  affect  the  earth's  heat' budget.  If  power 
generated  increased  annually  by  ten  percent,  in  100 
years  it  will  have  an  effect  comparable  to  that  of 
solar  radiation." 

What  is  being  done  to  improve  the  quality  of 
the  environment? 

Insofar  as  public  responsibilities  are  concerned, 
the  several  Federal  aoencies  involved  in  this  area 
have  been  committing  sizeable  resources — both 
human  and  monetary — to  the  cause  (Table  2). 
Obviously,  we  have  not  committed  enough.  In  an 
effort  to  match  the  projected  needs  with  the  vast 
scope  of  the  problems,  a  joint  USDA-State  Task 
Force  reviewed  current  research  programs,  needs, 
and  opportunities  in  1968.  Aside  from  the  very  large 
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continuing  research  effort  on  pest  control,  the  Task 
Force  identified  a  total  of  about  660  scientist-man- 
years  (SMY's)  devoted  to  research  on  other  forms 
of  pollution  in  1966  (Table  3).  They  projected  a 


need  for  1,336  SMY's  in  1977— more  than  double 
the  1966  effort  (4). 

The  Task  Force  clearly  saw  the  need  for  systems 
analysis  in  solving  pollution  problems.  It  also  noted 


Table  2. — Estimated  expenditures  on  agricultural  pollution  in  1969 


USDA 


DOD 


DHEW 


Pollutant 


USDI 


R.  &  D.  Action  Loan 


R.  &  D.  Action  Loan        R.  &  D.  Action  Loan        R.  &  D.  Action  Loan 


Million  dollars            Million  dollars           Million  dollars  Million  dollars 

Sediment   4.0  289.3      7.0     0.2    186.8    1.3  51.6   

Animal  waste   1.5  0.8    0.5    0.4  0.7   

Processing  wastes   1.8  0. 9     2. 0    0. 5    0. 3    12. 0   

Plant  nutrients   1.6  1.2    0.1     0.1    2.6  2.4   

Forest  and  crop  residues ....  1.4  24.  3      0.  1    0.  3   

Inorganic  salts  and  mineralb .  1.2  1.6  14.0    1.7   


Pesticides  in  the  environ- 
ment  45.9  15.0    7.5  2.5    1.9  1.9 

Air  pollution  related  to 

agriculture   1.4  10.0    3.6  2.0   


TOTAL   58.8    343.1    23.1     0.2    186.8    12.2     4.6    8.2  67.9 


USDA:  U.S.  Dept.  of  Agriculture.  DI:  Dept.  of  Interior. 

DHEW?Dept.^o^Health,  Education,  and  Welfare.  Literature  cited  (10). 

Table  3. — Pollution  research  in  the  U.S.  Dept.  of  Agriculture,  State  agricultural  experiment 

stations,  and  cooperating  forestry  schools 


Pollution  or  subject  area  1966  1977 


Scientist-man-years 

Animal  and  domestic  wastes  

Processing  wastes    

Infectious  agents,  toxins,  and  allergens  

Sediment  .  .  . 

Plant  nutrients  

Mineral  and  other  inorganic  substances  

Radioactive  wastes  

Airborne  chemicals  and  particulates  

Noise  

Socioeconomic  aspects  

Systems  analysis  


Total. 


27 

140 

30 

133 

197 

270 

96 

254 

200 

275 

44 

95 

0 

10 

41 

114 

1 

7 

2 

32 

2 

6 

640 

1,336 

6 


Agricultural  Science  Review 


a  deficiency  which  still  limits  the  application  of 
systems  analysis — a  monitoring  network  such  as 
that  proposed  under  the  International  Biological 
Program,  a  global  network  of  environmental  moni- 
toring and  local  monitoring  to  guide  the  systems 
analysis  of  local  problems. 

The  report  quotes  Biniek  and  Taylor  ( / )  :  "When 
the  general  problem  of  waste  management  and 
environmental  quality  is  viewed  in  total,  it  becomes 
obvious  that  solutions  to  one  resource  pollution 
problem  may  intensify  other  resource  problems. 
Transfers  of  pollution  problems  to  other  subject 
matter  areas,  or  legal  or  bureaucratic  jurisdictions 
are  not  solutions  in  any  relevant  sense." 

What  kind  of  environment  do  we  want? 

Dreams  of  Utopia  founder  for  lack  of  definition 
and  agreement.  It  is  simple  to  identify  an  environ- 
mental defect;  sensory  perception  takes  care  of  that. 
But  it  is  difficult — probably  impossible — to  describe 
an  environment  all  people  would  consider  ideal. 

Criteria  and  standards  for  important  environ- 
mental parameters,  such  as  for  air  and  water  qual- 
ity, are  useful  and  feasible.  But  may  not  focussing  on 
such  specifics  divert  us  from  considering  the  quality 
of  the  aggregate  environment  of  which  each  of  us 
is  a  part? 

Data  on  the  ratio  of  green  open  space  to  that 
covered  by  buildings  and  pavement  are  useful.  But 
again  this  is  a  reductionist  approach  to  the  environ- 
ment and  it  can  be  misleading.  Green  open  space 
can  be  a  helpful  sink  for  carbon  dioxide  for  other 
products  of  industry.  But  in  the  city,  green  plants 
may  be  made  hideous  by  pollutants. 

Josh  Lederberg,  in  his  January  24  column  in  the 
Washington  Post  quotes  Karl  Popper  (7)  who 
wrote :  "Social  life  is  so  complicated  that  few  men, 
or  none  at  all,  could  judge  a  blueprint  for  social 
engineering  on  a  grand  scale  .  .  .  accordingly, 
adopt  the  method  of  searching  for  and  fighting 
against,  the  greatest  and  most  urgent  evils  of 
society,  rather  than  searching  for,  its  greater  ulti- 
mate good." 

Lederberg  goes  on:  "Today  we  have  just  one 
reason  to  voice  an  exception;  [from  Popper's  argu- 
ment] the  survival  of  the  human  community  on 
earth  may  be  Utopian  ideal. 

"For  its  realization,  we  have  little  experience, 
tools,  training,  or  organization.  We  lack  even  the 
will  to  proceed  with  the  long  range  global  planning 

First  Quarter  1970 


to  meet  the  realities  of  today's  poverty  and  tomor- 
row's revolution  of  hunger  and  unfulfilled 
expectations." 

This  is  indeed  a  sobering  indictment. 

But  let  us  look  at  our  proven  competence,  at  our 
way  of  doing  things.  With  all  Americans,  perhaps 
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with  all  people,  I  am  proud  that  "we,"  the  people  of 
the  United  States,  her  scientists,  engineers,  politi- 
cians, and  especially  her  astronauts  fulfilled  the 
commitment  made  by  President  Kennedy  that  we 
would  land  a  man  on  the  moon  before  1970. 

Between  now  and  the  year  2000,  over  100  million 
children  will  be  born  in  the  United  States.  The  way 
they  grow  up — and  how — will,  more  than  any  one 
thing,  measure  the  quality  of  American  life  in  these 
years  ahead. 

We  have  a  goal,  a  goal  for  each  of  us.  Goals 
and  roles.  We  in  agriculture  have  played  and  must 
continue  to  play  an  essential  role  with  respect  to  the 
quality  of  the  environment  and  therefore  the  qual- 
ity of  life.  In  its  role  of  supplier  of  food,  fiber,  and 
forest  products,  agriculture  in  the  United  States  is 
technology-dependent.  Land  and  labor  have  become 
junior  partners — a  reversal  of  traditional  relations 
and  a  reversal  which  must  take  place  in  all  the 
world. 

President  Nixon  said,  "The  argument  is  increas- 
ingly heard  that  a  fundamental  contradiction  has 
arisen  between  economic  growth  and  the  quality  of 
life,  so  that  to  have  one,  we  must  forsake  the  other. 

"The  answer  is  not  to  abandon  growth  but  to 
redirect  it." 


Elvis  Starr,  President  of  the  National  Audubon 
Society,  put  it  another  way  in  his  speech  to  the  San 
Francisco  Conference  of  the  U.S.  National  Com- 
mission for  UNESCO.  He  said:  "The  value  choices 
must  be  made  first,  and  then  the  technologists  and 
engineers  brought  into  play,  in  support  of  these 
choices.  Technologists  and  engineers  are  people, 
too,  and  as  people  they  have  responsibility  for  shar- 
ing in  those  value  choices." 

Of  course,  we've  been  making  value  choices  and 
achieving  them  in  agriculture  since  that  art  began. 
We  planted  in  order  to  harvest.  We  cared  for  brood 
stock  in  order  to  harvest  the  offspring.  We  man- 
aged forest  and  range  in  order  to  achieve  sustained 
yield.  Our  record  of  goal  achievement — and  over- 
achievement — is  remarkable. 

But  now — in  the  face  of  the  environmental  crisis 
confronting  us — our  value  choices  demand  more 
caution,  more  refinement  than  ever  before.  As  we 
attempt  to  resolve  the  problems  of  pollution,  the 
systems  we  choose  must  not  only  be  technologically 
effective  but  also  both  socially  and  economically 
acceptable. 

That  is  our  assignment.  No  one  will  likely  escape 
being  involved  in  it. 
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UREASE: 

ITS  SIGNIFICANCE  IN 
BIRDS  AND  MAMMALS 


W.  J.  VISEK 


ALL  animals  live  in  close  association  with  micro- 
organisms and  maintain  a  constant  defense 
against  invasion  of  their  tissues.  What  is  frequently 
not  appreciated  is  that  metabolic  processes  of  micro- 
organisms continually  produce  substances  which 
have  important  effects  upon  the  host,  even  though 
there  is  no  apparent  disease  or  tissue  invasion.  Ac- 
cording to  modern  authorities,  Pasteur  was  the  first 
to  question  whether  the  well-being  of  animals  could 
be  maintained  in  the  absence  of  micro-organisms, 
and  suggested  that  the  idea  be  tested  experimen- 
tally. More  recently,  pioneering  research  by  groups 
like  the  Lobund  Laboratory  at  the  University  of 
Notre  Dame  has  established  that  birds  and  mam- 
mals can  grow  at  normal  rates  and  reproduce  in  the 
absence  of  micro-organisms  {36).^ 

Warm  blooded  species  acquire  a  microbial  flora  a 
few  hours  after  birth.  It  is  estimated  that  from  50  to 


Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  21. 


200  different  species  of  micro-organisms  normally  in- 
habit the  digestive  tract  of  man.  Dead  bacteria  and 
their  products  make  up  more  than  one-third  of  the 
dry  matter  of  the  fresh  stool  of  man  {35,  36) .  Gas- 
trointestinal micro-flora  can  perform  beneficial 
functions,  a  fact  well  demonstrated  in  ruminants. 
In  these  animals,  microbes  of  the  rumen  use  dietary 
constituents  of  low  nutritive  value  to  synthesize 
vitamins  and  amino  acids  and  degrade  complex 
carbohydrates  to  biologically  useful  compounds.  All 
of  these  products  are  then  available  to  the  host 
animal  for  production  of  highly  important  foods 
such  as  meat  and  milk. 

During  the  past  decade  our  laboratory  has  in- 
vestigated the  production  of  toxins  primarily  by 
bacteria  in  the  alimentary  tract.  Bacteria  produce 
enzymes  which  function  within  the  bacterial  cells 
or  following  their  release  into  the  bowel.  These 
enzymes  decompose  substances  that  are  consumed  in 
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the  diet  or  synthesized  by  the  host.  Our  work  has 
provided  evidence  that  breakdown  products  of  urea 
play  a  significant  role  in  the  rate  of  growth  of 
poultry,  swine  and  ruminants.  Because  these  prod- 
ucts also  alter  cell  lifespan  and  metabolism,  they 
may  play  a  role  in  aging  and  cancer.  Inhibition  of 
their  production  by  immunization  increases  sur- 
vival in  irradiated  animals.  Evidence  leading  to  in- 
vestigation of  these  relationships  was  derived  from 
studies  of  the  way  antibacterial  agents,  fed  in  large 
quantities  in  agricultural  practice,  promote  growth. 
Confirmatory  evidence  was  obtained  with  enzyme 
immunity. 

Enzymes,  the  highly  specific  catalysts  responsible 
for  the  majority  of  biologic  reactions,  are  antigenic 
proteins.^  Their  injection  into  a  foreign  species 
causes  formation  of  specific  antibodies,  also  called 
antienzymes.  Antienzymes  cross-react  with  the 
enzymes  responsible  for  their  formation  or  with  those 
which  are  closely  related.  An  advantage  they  offer 
in  research  over  a  majority  of  other  antibodies  is 
that  their  reactions  may  be  followed  with  three 
indices:  disappearance  of  substrate,  production  of 
products,  or  the  precipitin  reaction  between  enzyme 
and  antibody. 

Antienzymes  share  high  specificity  with  enzymes 
and  are  useful  for  detecting,  inhibiting,  and  charac- 
terizing enzymes  in  multicomponent  systems.  These 
properties  have  proven  valuable  for  investigating 
enzyme  formation,  characterizing  genetically  altered 
enzymes,  detecting  alteration  of  protein  structure, 
localizing  enzymes  and  isoenzymes,  and  studying 
chemical  embryology.  Antienzymes  in  genetic  re- 
search have  made  it  possible  to  relate  mutational 
events  to  specific  regions  of  the  structural  gene.  In- 
terestingly, the  first  antienzyme  obtained  in  highly 
purified  form  was  produced  following  injection 
of  jackbean  urease,  which  was  the  first  enzyme 
crystallized.  These  significant  contributions  were 
made  by  J.  B.  Sumner  of  Cornell  University,  who 
was  awarded  the  Nobel  Prize  in  1946.  During  the 
past  decade  we  have  used  this  enzyme  to  study  the 
influence  of  urea  hydrolysis  on  nine  warm  blooded 
species  including  man.  The  experimental  results 
have  implications  in  biology,  particularly  in  agricul- 
ture and  medicine. 


-  Urease  is  an  enzyme  that  accelerates  llie  hydrolysis  of  urea  into 
•ininionia   and   carbon  dioxide. 


Urea  Hydrolysis  and  Release  of  Ammonia  in  the 
Bowel 

^LTHOUGH  there  is  uncertainty  about  the  inter- 
mediate products  of  urea  hydrolysis,  a  major  prod- 
uct is  ammonia.  Ammonia  is  also  produced  by  the 
normal  metabolic  processes  in  cells  of  all  phyla.  It  is 
produced  by  the  kidney  for  maintenance  of  acid- 
base  balance,  and  by  digestive  processes  in  the  gas- 
trointestinal tract.  The  major  sources  outside  of  the 
tissues  themselves  are  microbes,  mainly  bacteria,  in 
the  bowel.  Ammonia  arises  from  actions  of  microbial 
deaminases  and  deamidases  and  from  autolysis  of 
the  microbes  themselves.  A  major  source  in  mam- 
mals is  urea  hyrdolysis  due  to  ureases  which  ac- 
cording to  present  knowledge  are  only  of  plant  or 
microbial  origin  {10). 

Ammonia  in  mammals  is  converted  by  the  liver 
to  non-toxic  urea.  Whether  endogenously  produced 
by  the  liver,  fed  in  the  diet,  or  injected — urea  dis- 
tributes rapidly  and  so  uniformly  that  it  has  been 
used  as  an  index  of  tissue  water.  About  25  percent 
of  the  urea  excreted  in  the  urine  daily  is  hydrolyzed 
in  the  bowel  to  its  ultimate  products,  ammonia  and 
COo  {41).  Ammonia  so  released  is  absorbed  for 
resynthesis  into  urea  by  the  liver.  The  processes  for 
removal  of  ammonia  from  blood  are  exceedingly 
efficient  as  evidenced  by  the  very  low  concentrations 
in  blood  after  one  passage  through  a  normal  liver. 
Some  ammonia  in  mammals  and  a  major  part  in 
birds  is  converted  to  uric  acid,  also  freely  diffusible. 
Likewise,  uric  acid  enters  the  lumen  of  the  bowel 
where  it  is  hydrolyzed  by  bacterial  enzymes  to  urea 
and  other  products,  thereby  indirectly  acting  as  a 
substrate  for  urease  {28) .  Normal  microbial  inhabi- 
tants of  the  bowel  produce  urease  in  quantities  ade- 
quate to  hydrolyze  all  of  the  urea  that  is  provided 
to  them  through  normal  body  processes. 

Hydrolysis  of  urea  is  virtually  abolished  or  sub- 
stantially reduced  by  immunization  against  urease 
{31 ,  37) .  The  antibodies  responsible  for  this  inhibi- 
tion enter  the  bowel  in  the  saliva,  intestinal  juices 
and  other  secretions  and  inhibit  ureases  that  are 
free  of  cells  or  bound  to  cell  walls.  Urease  activity 
is  readily  demonstrated  in  cell  free  extracts  of  in- 
testinal contents  from  conventional  animals.  Such 
activity  is  probably  released  primarily  by  dying  bac- 
teria. Thus,  urea  hydrolysis  is  carried  on  by  ureases 
not  subject  to  control  by  bacterial  cells  of  their 
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origin.  This  uncontrolled  release  of  ammonia  and 
possibly  other  products  such  as  carbamates  (5) 
raises  important  questions  about  this  lifelong  process 
in  which  normal  body  metabolites  are  degraded  as  a 
consequence  of  the  symbiotic  relationship  between 
host  and  bacteria. 

The  Antibiotic  Growth  Effect 

Organic  arsenlcals,  sulfonamides,  and  anti- 
biotics represent  the  "magic  bullets"  of  the  famous 
German  bacteriologist,  Paul  Ehrlich.  Their  dis- 
coveries were  the  culmination  of  man's  intensive 
effort  to  discover  substances  that  could  rid  the  body 
of  infection  without  harming  the  host.  These  drugs 
have  been  responsible  for  enormous  changes  in 
medical  practice.  The  finding  that  antibacterial 
agents  in  diets  of  birds  and  mam.mals  at  concen- 
trations far  below  the  usual  therapeutic  range 
would  increase  growth  rate  and  efficiency  of  feed 
utilization  in  food-producing  animals  has  been 
described  as  a  hit  by  the  "magic  bullet"  of  an 
unseen  target.  Their  unexpected  effects  upon 
growth  were  first  observed  in  experiments  to  study 
other  phenomena.  Investigations  carried  out  by 
Stokstad  and  coworkers  in  1950  confirmed  that 
antibiotics  themselves  would  increase  growth  in 
chicks  reared  under  conditions  of  rigid  sanitary  and 
dietary  control  (29) .  Shortly  thereafter,  others  con- 
firmed these  findings  in  other  species  {15). 

The  scientific  information  on  feed  use  of  anti- 
microbial agents  in  diets  of  animals  is  voluminous, 
and  its  practical  application  has  reduced  costs  of 
food  production.  Many  theories  have  been  proposed 
to  explain  the  stimulation  of  growth.  At  the  time 
our  laboratory  became  engaged  in  research  of  this 
problem,  studies  with  germ-free  animals  and  inacti- 
vated antibacterial  agents  had  established  that  the 
accelerated  growth  was  due  to  an  action  on  the 
intestinal  microflora.  However,  no  mode  of  action 
had  been  proposed  which  was  consistent  with  most 
of  the  experimental  evidence.  The  most  frequently 
mentioned  theories  were: 

1.  Micro-organisms  responsible  for  clinical  infec- 
tions too  mild  to  be  recognized  are  suppressed. 

2.  Production  of  growth-depressing  toxins  by 
micro-organisms  is  depressed. 

3.  Synthesis  of  vitamins  is  increased  in  those 
parts  of  the  gastrointestinal  tract  where  the 


microbial  vitamin  is  made  available  to  the 
host  or  when  destruction  of  essential  nutrients 
is  inhibited. 

4.  The  wall   of  the  intestinal   tract  becomes 
thinner,  thereby  increasing  the  efficiency  of 
absorption  and  utilization  of  nutrients. 
Although  several  factors  might  operate  simul- 
taneously with  differences  partly  determined  by 
animal  species,  experimental  methods  were  not 
sufficiently  specific  to  evaluate  their  importance 
{15). 


Figure  1. — Injections  of  crystalline  urease  in  toxic  dosage 
cause  significant  changes  in  intermediary  metabolism. 
Arrows  indicate  significant  increases  or  decreases  in 
metabolites  for  liver  and  blood.  The  ratio  of  oxidized 
pyridine  nucleotides  (NAD,  (nicotinamide  adenine  di- 
nucleotide)  and  NADPH  (nicotinamide  adenine  dinucleo- 
tide  p  phosphate) )  to  their  reduced  forms  (NADH  and 
NADPH)  in  liver  mitochondria  is  increased  but  their 
total  is  decreased.  The  increased  ratio  is  due  to  a  rise  in 
oxidized  forms  and  a  disproportionate  fall  in  reduced 
forms.  The  pentose  phosphate  shunt  schematically  indi- 
cated provides  R-5-P  and  requires  pyridine  nucleotides. 
This  pathway  is  the  only  source  of  5  carbon  sugars  for 
RNA  and  DNA  synthesis*  which  may  be  increased  or 
decreased  depending  upon  urease  dosage. 
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Our  Investigations 

Our  research  on  urea  hydrolysis  received  impetus 
from  French  scientists  who  reported  that  nutritional 
concentrations  of  antibiotics  inhibited  bacterial  pro- 
duction in  the  bowel  of  a  growth-depressing  toxin 
which  they  believed  to  be  ammonia  {12,  22).  We 
were  also  well  aware  of  the  common  practice  of 
treating  ammonia  intoxication  in  human  liver 
insufficiency  by  withholding  dietary  protein  and 
altering  the  intestinal  microflora  with  antibiotics  to 
suppress  ammonia  production  {32,  37) .  Our  experi- 
ments published  in  1959  showed  that  feeding 
arsanilic  acid,  penicillin,  or  chlortetracycline  at  a 
concentration  of  100  ppm  in  the  diet  of  rats  signifi- 
cantly decreased  the  metabolism  of  C-14  labelled 
urea.  The  alimentary  tracts  of  the  supplemented 
animals  contained  less  urease  activity  than  the 
unsupplemented  controls.  Urease  activity  was  not 
altered  by  adding  the  agents  to  intestinal  homo- 
genates  from  unsupplemented  animals,  indicating 
that  lower  urease  activity  was  due  to  a  reduction 
in  urease  production  by  the  microflora  and  not  to 
direct  inhibition  {38). 

While  previous  workers  established  that  oral 
administration  of  antibiotics  and  sulfonamides  in 
large  dosages  would  virtually  eliminate  the  gastro- 
intestinal microflora  and  thereby  inhibit  urea 
hydrolysis,  the  results  of  our  experiments  were  sig- 
nificant because  the  concentrations  of  antimicrobial 
agents  approximated  those  used  in  feeds  for  growth 
stimulation.  More  importantly,  all  three  agents 
inhibited  an  enzyme  for  which  there  is  only  one 
known  natural  substrate,  urea.  This  common  action 
had  not  been  reported  previously  for  these  three 
antibacterial  agents  fed  under  identical  conditions. 
Furthermore,  this  concentration  had  not  been 
reported  to  produce  consistently  demonstrable 
quantitative  or  qualitative  changes  in  the  intestinal 
microflora  {15) . 

The  acquisition  of  additional  information  that 
urea  hydrolysis  and,  in  turn,  ammonia  production 
had  any  causal  relationship  to  growth  stimulation, 
to  other  aspects  of  nutrition,  or  to  treatment  of 
disease  called  for  a  highly  specific  approach.  The 
technique  would  have  to  reliably  locate  and  inhibit 
a  specific  enzyme  in  the  complex  environment  of 
the  intestine  without  imposing  conditions  that  are 
unrealistic  to  the  living  animal.  Existing  knowledge 
pointed  to  enzyme  immunity  as  a  possible  approach. 


At  the  time  there  was  limited  evidence  that  anti- 
bodies would  enter  the  bowel  but  it  was  unknown 
whether  a  sufficient  cjuantity  of  antienzymes  would 
enter  and  be  able  to  inhibit  bacterial  enzymes. 
Furthermore,  the  enzyme  used  as  antigen  had  to  be 
pure.  A  mixture  of  antigens  would  prevent  deter- 
mination of  the  factor  responsible  for  any  effects 
observed.  We  used  jackbean  urease  which  could  be 
obtained  in  crystalline  form. 

After  months  of  careful  evaluation,  we  established 
that  our  enzyme  preparations  contained  one  im- 
munologic component  {40).  Our  first  experiments 
demonstrated  the  effectiveness  of  the  chosen 
approach.  About  three  years  later  immunologists 
published  evidence  describing  the  mode  of  transport 
used  by  antibodies  from  blood  into  various  secre- 
tions such  as  those  of  the  bowel  {33).  To  date  it 
has  not  been  feasible  to  obtain  pure  bacterial  urease 
in  the  quantity  necessary  for  animal  growth 
experiments. 

Rats  in  our  initial  experiments  were  immunized 
by  injections  of  urease  while  fed  a  soybean  diet 
marginal  in  protein  content  and  free  of  urease  ac- 
tivity. Following  immunization,  sera  from  immu- 
nized groups  contained  high  concentrations  of  anti- 
urease  whereas  no  antiurease  activity  was  detected 
in  sera  from  control  animals.  Feces  and  urine  of  im- 
munized animals  also  contained  urease  antibodies. 
The  immunized  groups  metabolized  significantly  less 
C-14  urea  and  had  less  urease  activity  in  their  gas- 
trointestinal contents.  These  immunized  rats  and, 
in  subsequent  studies,  immunized  chicks  grew  faster 
and  utilized  their  feed  more  efficiently  than  the  non- 
immunized  controls  (8) .  Thus  the  observed  changes 
with  respect  to  urea  hydrolysis  and  growth  were  like 
those  seen  with  the  feeding  of  antibacterial  sub- 
stances. Since  no  urease  was  fed  in  the  diet,  the  re- 
sults were  attributed  to  less  microbial  urease  ac- 
tivity. The  lowering  of  urease  activity  in  the  bowel 
contents  by  urease  immunity  was  later  confirmed  in 
swine  by  Michigan  investigators  {17) . 

Subsecjuently,  Tillman  and  his  students  at  Okla- 
homa State  University  found  that  microbial  hydrol- 
ysis of  urea  and  release  of  ammonia  could  be  in- 
hibited in  the  alimentaiy  tract  of  sheep  fed  purified 
diets  containing  urea  as  the  only  source  of  nitrogen. 
Immunization  increased  growth  by  21  percent,  and 
at  the  same  time  feed  conversion  improved.  This 
was  a  critical  test  of  the  capacity  of  physiological 
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processes  of  immunity  when  properly  stimulated  to 
inhibit  urea  hydrolysis.  What  may  be  of  equal  im- 
portance is  that  urea  hydrolysis  was  decreased  signif- 
icantly in  the  small  and  large  intestines  but  not  in  the 
rumen  (27) . 

These  immunity  experiments  provide  evidence 
that  urea  hydrolysis  occurring  in  the  small  and  large 
intestine  of  all  species  has  significance,  and  the  evi- 
dence oflfers  a  basis  for  seeking  urease  inhibiting 
agents.  By  using  urease  preparations  in  the  test  tube 
it  is  possible  to  determine  in  a  matter  of  minutes  if  an 
agent  has  urease  inhibiting  activity  before  feeding 
it  to  animals.  Seven  dietary  supplements  we  studied 
did  reduce  urease  activity  or  ammonia  in  the  gastro- 
intestinal tract.  All  produced  an  increase  in  the  rate 
of  growth  in  animals. 

Arsanilic  acid,  chlortetracycline,  penicillin  and 
isoniazid  have  antimicrobial  activity.  Copper  sulfate, 
used  extensively  in  animal  feeds  in  Europe,  is  an  in- 
hibitor of  sulfhydryl  enzymes  including  urease  and 
may  exert  antimicrobial  action  when  fed.  Barbituric 
acid  which  does  not  have  sleep  producing  properties 
is  a  urease  inhibitor  with  little  antibacterial  activity. 
When  fed  to  chicks,  enhanced  growth  rates  were  ob- 
served (/).  The  seventh  supplement,  an  ion  ex- 
change resin  developed  for  the  medical  profession  to 
remove  ammonia  from  the  bowel,  significantly  in- 
creased growth  rates  in  rats  when  fed  at  4  percent 
of  the  diet  (13).  Feeding  chicks  diets  containing 
starch  instead  of  sucrose  has  also  produced  more 
rapid  rates  of  gain  in  our  experiments.  Assays  of  the 
intestinal  contents  have  shown  lower  urease  ac- 
tivity when  starch  rather  than  sucrose  was  fed  ( / ) . 
Lowered  urease  activity  in  ruminants  has  also  been 
observed  by  others  when  starch  is  the  carbohydrate. 

All  of  the  above  eight  mentioned  experimental  ap- 
proaches, in  addition  to  urease  immunity,  increased 
the  rate  of  growth  while  reducing  the  concentration 
of  ammonia  in  the  bowel  or  the  potential  for  its 
production. 

Urease  Immunity  in  Liver  Insufficiency 

Liver  insufficiency  is  a  common,  severe  disease 
in  man.  Ammonia  is  detrimental  to  patients  with 
liver  disease,  and  elevated  blood  ammonia  con- 
centrations cause  significant  changes  in  brain  chem- 
istry which  frequently  lead  to  coma.  It  is  known 
that  the  quantity  of  urea  hydrolyzed  in  the  bowel 
may  be  sufficient  to  produce  coma.  Hydrolysis  of 


urea  sufficient  to  produce  intoxication  may  occur 
when  blood  urea  is  elevated  as  may  happen  with  im- 
paired kidney  function.  Patients  with  liver  disease 
benefit  from  dietary  protein  restriction  and  altera- 
tion of  the  bacterial  flora  by  orally  administered  an- 
tibiotics. Both  of  these  measures  reduce  ammonia 
production  in  the  bowel. 

Our  extensive  investigations  using  urease  im- 
munity in  several  species  of  animals  indicated  that 
man  could  be  immunized  with  crystalline  jackbean 
urease  without  harm.  To  date,  urease  immunity  has 
been  used  in  28  patients  with  far  advanced  liver 
insufficiency  [30).  Although  it  has  been  impossible 
to  carefully  control  some  of  the  necessary  conditions, 
accurate  hospital  dietary  records  on  six  individuals 
show  that  they  were  able  to  increase  their  protein 
intake  from  80  to  300  percent  after  immunization 
(52).  Immunized  patients  have  demonstrated  a 
reduction  in  episodes  of  ammonia  intoxication.  This 
reduction  has  been  achieved  without  antibiotic 
therapy  or  dietary  protein  restriction.  Subjects  have 
tolerated  controlled  dosages  of  enzyme  at  4  to  6 
week  intervals  for  2  years.  Some  have  been  im- 
munized for  more  than  5  years  without  evident 
harm  {30) . 

Urea  balance  studies  have  demonstrated  that 
94  to  98  percent  of  intravenously  administered 
labeled  urea  can  be  recovered  after  immunization 
as  contrasted  to  65  to  75  percent  before  immuniza- 
tion {31).  Recoveries  of  this  order  are  possible  in 
normal  human  subjects  only  with  large  dosages  of 
antibiotics.  These  data  for  man  also  illustrate  the 
efficiency  of  immunization  as  a  means  of  controlling 
urea  hydrolysis.  Immunization  has  not  given  evi- 
dence of  causing  undesirable  side  effects  which  may 
arise  from  large  intakes  of  antibiotics.  Furthermore, 
adequate  intakes  of  dietary  protein  have  been  per- 
mitted on  a  long  term  basis,  and  these  are  essential 
for  maintaining  adequate  nutrition. 

Urea  Hydrolysis  and  Cellular  Renewal 

Our  attempts  to  find  the  reasons  for  accelerated 
growth  in  animals  in  which  urea  hydrolysis  and 
ammonia  production  were  suppressed  called  atten- 
tion to  well  known  differences  in  intestinal  histology 
between  germ-free  animals,  conventional  animals, 
and  conventional  animals  fed  antibiotics  {13). 
Some  of  the  differences  between  germ-free  and 
conventional  animals  are  summarized  in  Table  1. 
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Table  1, — Characteristics  of  the  small  intestine  in  germ-free  and  conventional  animals  expressed 

as  a  percentage  of  germ-free  animals 


Characteristics  Germfree  Conventional 


Weight  

Water  content  

Mucosal  surface  

Mucosal  cell  renewal .  .  .  . 

Mucosal  cell  life  

Passive  transfer  of  sugar . 
Portal  blood  ammonia .  .  . 

Phagocytic  cells  

Bile  acid  hydrolysis  

Urea  hydrolysis   


Percent 

Percent 

100 

120-140 

100 

110 

100 

130-140 

100 

130-140 

100 

60-70 

100 

50 

100 

400 

100 

30 

None 

Yes 

None 

125 

*  Percent  of  daily  excretion. 


The  mass  of  intestinal  tissues  and  the  mucosal  or 
absorptive  surface  is  20  to  40  percent  greater  in 
conventional  animals  than  in  germ-free  animals. 
Not  only  are  there  more  mucosal  cells  in  conven- 
tional animals,  but  they  are  replaced  30  to  40  per- 
cent more  rapidly  as  evidenced  by  the  normal 
process  of  replacement  and  extrusion  into  the  bowel 
lumen  where  they  are  digested.  Functionally,  the 
germ-free  intestine  permits  more  rapid  transfer  of 
simple  sugars.  Blood  in  the  portal  vein  which  car- 
ries the  products  of  absorption  from  the  bowel 
contains  four  times  as  much  ammonia  in  conven- 
tional animals  as  in  germ-free  animals.  This  is  due 
mainly  to  urea  hydrolysis.  Bile  acids  are  not 
broken  down  in  germ-free  animals  and  therefore 
are  reabsorbed  as  secreted. 

Any  of  these  indices  studied  thus  far  in  anti- 
biotic fed  animals  fall  between  those  for  conven- 
tional and  germ-free  animals.  These  anatomical 
and  biochemical  differences  require  that  the  animal 
maintain  a  greater  mass  of  tissue  and  secretions  in 
equilibrium  with  a  more  rapid  rate  of  destruction 
and  renewal  if  bacterial  activity  is  not  controlled. 
Bile  acids  and  plasma  proteins  are  examples  of 
secretions  where  the  rate  of  synthesis  is  determined 
largely  by  the  rate  of  destruction.  On  this  basis, 
conventional  animals  should  have  a  higher  basal 
metabolic  rate  than  germ-free  animals;  that  condi- 


tion has  been  found  experimentally  but  not  in  all 
cases. 

Quantitative  data  of  the  influence  of  micro- 
organisms upon  a  particular  tissue  are  quite  limited. 
However,  some  comparisons  have  been  made  upon 
the  small  intestinal  mucosa  of  germ-free,  conven- 
tional, and  antibiotic  fed  animals.  The  mucosa  or 
lining  of  the  small  intestine  is  the  most  rapidly 
regenerating  tissue  in  the  body.  Its  rate  of  regenera- 
tion or  renewal  declines  with  age,  but  the  rapid  rate 
relative  to  other  tissues  appears  to  be  maintained 
through  life  (19) .  LeBlond  {18)  has  calculated  that 
a  lOOg  rat  living  in  a  conventional  environment 
will  form  Ig  of  cells  each  day  or  1  percent  of  its 
body  weight,  just  to  repair  its  small  intestine.  The 
data  indicate  that  250g  would  be  a  reasonable 
estimate  of  the  cells  required  daily  for  intestinal 
repair  in  man. 

There  appears  to  be  no  quantitative  estimate  for 
intestinal  repair  in  other  species,  although  the  time 
required  for  complete  replacement  of  the  lining  of 
the  small  intestine  in  conventional  animals  has  been 
estimated  at  48  hours  for  chickens,  36  to  48  hours 
in  rats,  60  hours  in  cats  and  40  to  44  hours  in  man. 
If  a  lOOg  rat  gains  5g  in  body  weight  each  day  and 
synthesizes  an  additional  gram  of  cells  to  repair 
his  small  intestinal  mucosa,  he  is  synthesizing  at 
least  20  percent  more  tissue  than  will  appear  as  an 
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increase  in  body  weight.  If  the  quantity  of  cells 
required  to  maintain  the  mucosa  is  reduced  0.4g 
by  removal  or  control  of  bacteria  ( Table  1 ) ,  some 
of  the  nutrients  so  spared  should  be  available  for 
increased  growth.  If  this  diversion  is  assumed  to  be 
quantitative,  body  weight  gain  would  be  enhanced 
8  percent  which  is  approximately  the  increase 
observed  with  antibiotic  feeding.  On  the  same  basis, 
a  lOOOg  broiler  gaining  50g  daily  might  synthesize 
lOg  of  cells  to  maintain  the  small  intestine.  This 
also  represents  20  percent  additional  tissue.  If  4g  or 
40  percent  were  diverted  to  other  tissue  of  equal 
weight,  there  would  also  be  an  overall  body  weight 
increase  of  8  percent. 

If  we  extrapolate  LeBlond's  data  from  a  70kg 
man  to  a  hypothetical  700kg  cow,  2500g  of  cells 
would  be  formed  in  the  small  intestine  daily.  Con- 
version of  this  quantity  of  cells  on  a  protein  equiva- 
lent basis  would  equal  14kg  of  milk  or  about  30 
lbs.  On  first  consideration,  the  extrapolated  values 
seem  outlandish  and  may  be  very  inaccurate.  How- 
ever, they  concern  only  the  small  intestine  and  not 
other  tissues  where  cell  renewal  takes  place.  Regard- 
less of  the  validity  of  these  extrapolations,  we  were 
encouraged  to  seek  methods  of  determining  if  urea 
hydrolysis  or  ammonia  played  a  role  in  cell  death 
and  renewal. 

It  is  worth  repeating  that  cells  and  plasma  pro- 
teins which  enter  the  gastrointestinal  lumen  must 
first  be  synthesized  before  they  are  redigested  and 
reabsorbed.  Their  constituents  are  largely  reused 
but  represent  a  substantial  increase  in  absorptive 
and  synthetic  load.  Furthermore,  any  tissue  such  as 
the  intestinal  mucosa  that  is  carrying  on  rapid  syn- 


thesis of  new  cells  requires  a  readily  available  supply 
of  all  nutrients  for  cell  synthesis.  If  such  vital  tissue 
is  deprived  of  nutrients,  the  economy  of  the  whole 
animal  can  be  adversely  affected.  This  would  be 
characteristic  of  a  wide  variety  of  circumstances 
where  antibacterial  agents  lead  to  more  frequent 
and  greater  increases  in  growth.  Antibacterial 
agents  have  been  shown  to  increase  growth  on  diets 
limited  in  energy,  protein,  fat,  water  soluble  vita- 
mins, fat  soluble  vitamins,  or  minerals  (55) . 

It  appears  that  cellular  and  tissue  renewal  result- 
ing from  the  influence  of  micro-organisms  on  cell 
function,  replacement,  and  life  span  could  serve  as 
a  basis  for  theories  frequently  proposed  for  the 
growth-stimulating  actions  of  antibacterial  sub- 
stances. For  example,  diarrhea  which  is  reduced 
with  antibiotics  might  be  due  to  irritants  produced 
by  bacteria  without  tissue  invasion  by  pathogens. 
Irritative  agents  such  as  ammonia  or  deconjugated 
bile  acids  could  also  facilitate  entry  of  infectious 
agents  as  has  been  seen  with  viruses  (2) .  Feeding  of 
urea  in  our  own  studies  has  caused  alterations  in 
tissue  histology  in  localized  areas  of  the  intestine 
which  were  prevented  by  feeding  of  100  ppm  of 
dietary  chlortetracycline  (35). 

Evidence  That  Urea  Hydrolysis  or  Ammonia  Causes 
Cell  Death 

Evidence  that  hydrolysis  of  urea  destroys  cells 
was  obtained  in  immunity  experiments  with  rabbits 
receiving  a  single  weekly  intravenous  injection  of 
crystalline  jackbean  urease  (20  /^g/kg  body  weight) 
for  4  weeks  (Table  2).  While  the  blood  of  control 


Table  2. — Hematological  changes  caused  by  injection  of  crystalline  jackbean  urease  in  rabbits  ^ 


Type  of  treatment 

White  blood 
cells  lOVmm^ 

Hematocrit 
Vol. 

(Percent) 

Hemoglobin 
g/100  ml 
blood 

Saline-injected  rabbits  

9.  Oil.  5 

35.  6±0.  2 

11.  5±0.  1 

Urease-injected  rabbits  

5.  3±0.2 

31.  ld=0.  1 

10.3±0.1 

'  Rabbits  were  given  a  single  intravenous  injection  of  crystalline  jackbean  urease  at  weekly  intervals  for  4 
weeks.  Each  injection  contained  2  units  (20  /ug)  of  urease/kg  body  weight.  Blood  was  taken  immediately  prior  to 
and  at  5,  24,  and  48  hours  after  injection  each  week  on  all  animals.  Values  are  averages  plus  or  minus  standard 
errors. 
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rabbits  receiving  sodium  chloride  solution  had  an 
average  of  9.0  thousand  white  cells/mm',  35.6% 
packed  red  cells  and  1 1 .5  gm  of  hemoglobin / 100  ml, 
respective  values  for  urease-injected  rabbits  were 
5.3,  31.1  and  10.3.  Rabbits  injected  with  urease 
showed  a  sharp  rise  in  blood  ammonia  which  re- 
mained elevated  for  at  least  8  hours.  Concommit- 
antly,  there  was  a  fall  in  blood  urea  which  remained 
severely  depressed  for  8  to  24  hours.  However,  as  the 
rabbits  became  immunized,  changes  in  ammonia, 
urea,  and  the  formed  elements  of  blood  following 
each  urease  injection  were  smaller  (9).  Similar  de- 
pressions in  white  blood  count,  hematocrit,  and 
hemoglobin  followed  injections  of  ammonium  salts, 
but  repeated  dosages  were  required.  Single  injec- 
tions of  ammonium  salts  failed  to  elevate  blood 
ammonia  for  more  than  an  hour  in  animals  that 
lived  and  had  normal  liver  function. 

Evidence  That  Urea  Hydrolysis  Alters  DNA  Syn- 
thesis 

DnA  (deoxyribonucleic  acid)  is  the  hereditary 
material  in  cells  which  determines  the  chemical  and 
physical  properties  of  living  organisms.  Chromo- 
somes contain  high  concentrations  of  DNA  which 
is  responsible  for  the  transfer  of  genetic  information. 
Every  normal  resting  cell  of  a  given  tissue  contains 
a  quantity  in  its  nucleus  which  is  characteristic  of 
the  species.  Radioactive  thymidine,  a  specific  pre- 
cursor for  DNA,  is  valuable  for  assessing  DNA  syn- 
thesis, cell  lifespan,  and  cell  regeneration. 


Rat  thymus  slices  incubated  in  vitro  with  small 
concentrations  of  urea  and  urease  showed  increased 
thymidine  incorporation  into  DNA.  With  greater 
quantities  of  urea  hydrolyzed,  thymidine  incorpora- 
tion into  DNA  was  inhibited.  When  mice  were  in- 
jected with  0.05  to  0.15  units  of  urease  thymidine, 
incorporated  into  DNA  of  spleen  was  enhanced; 
whereas  in  liver,  testes,  ileum,  and  colon  there  was 
no  difference  between  saline  and  urease-injected 
mice.  At  15  hours  after  0.4  unit  of  urease  was  in- 
jected, thymidine  incorporation  was  increased  in 
liver  and  spleen  and  decreased  in  the  ileum  and 
colon  (Table  3).  Whether  there  was  a  decrease  or 
an  increase  at  15  hours,  all  tissues  tended  to  return 
to  control  values  with  increasing  time  after  injec- 
tion (43).  Determinations  of  total  DNA,  protein 
and  other  indices  agreed  with  these  results  [43). 
Our  autoradiographic  studies,  which  are  another 
experimental  approach,  also  demonstrate  that  am- 
monia changes  labeled  thymidine  incorporation  into 
DNA  (44). 

Protection  Against  Irradiation 

Immunization  of  animals  against  ureases 
significantly  depresses  or  virtually  eliminates  in 
vivo  hydrolysis  of  endogenously  produced  urea.  It 
is  logical,  therefore,  to  question  the  relevance  of  this 
fact  and  the  data  on  cell  lifespan  and  DNA  syn- 
thesis to  a  real  life  situation  in  the  whole  animal. 
Some  answers  to  this  question  were  obtained  by 
using  whole  body  irradiation.  Lethal  dosages  of  ir- 


Table  3. — Incorporation  of  labeled  thymidine  into  DNA  of  tissues  in  mice  after  urease  injection 

Hours  after  last  injection  of  urease 

Tissue   

15  27  51  99 


Radioactivity/ Mg  DNA  as  percent  of  control  mice 

Testes'                                                           122              100                99  81 

Liver                                                                204               128               142  121 

Spleen                                                            143              140                95  101 

Small  intestine                                                     69                66                88  96 

Large  intestine                                                     44                58                94  103 


'  There  were  no  changes  in  organ  weight  or  body  weight.  Two  injections  of  urease  (0.4  unit)  were  given  at 
12-hour  intervals  followed  by  thymidine  12  hours  later. 
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radiation  destroy  cells  and  inhibit  new  cell  formation 
particularly  in  rapidly  regenerating  cell  populations 
like  those  of  bone  marrow  or  intestinal  mucosa.  In- 
hibiting urea  hydrolysis,  a  process  which  also  kills 
cells,  should  increase  resistance  to  irradiation 
damage. 

Repeated  experiments  with  several  hundred  mice 
provided  evidence  that  immunizing  mice  with  anti- 
urease  from  other  immunized  animals  gave  signifi- 
cant protection  against  lethal  dosages  of  whole 
body  irradiation.  The  median  lethal  dose  at  30  days 
for  untreated  animals  was  600  rads  as  compared  to 
860  rads  for  mice  given  urease  antisera.  Exposure 
to  800  rads  resulted  in  the  survival  after  30  days 
of  21  percent  of  the  control  animals  whereas  over 
70  percent  survived  if  given  immune  antisera  from 
rabbits  before  irradiation.  Normal  nonimmune  sera 
gave  no  protection  (Table  4) .  Survival  was  greater 
with  known  radioprotective  chemicals  such  as  S- 
beta-amino-ethyl  isothiouronium  Br-HBr  (AET) 
and  ^-mercaptoethylamine  HCl  (MEA)  than  with 
urease  antisera. 

Similar  results  have  been  obtained  in  our  more 
recent  experiments  with  mice  exposed  to  X-rays 
and  treated  with  antisera  from  the  horse.  All  of  this 
evidence  points  to  urea  hydrolysis  as  a  factor  to  be 
considered  in  irradiation  sickness,  a  disease  in  which 
bacteria  play  a  significant  role  and  cellular  kinetics 
are  severely  disturbed.  These  results  with  urease  im- 


munity and  those  showing  increased  survival  in  ir- 
radiated animals  following  diversion  of  intestinal 
secretions  emphasize  the  detrimental  effects  from 
the  presence  of  intestinal  secretions  and  bacteria 
in  the  irradiated  animal  [39). 

Urease  activity  is  highest  in  the  colon  of  non- 
immune animals.  When  H''-thymidine  is  injected 
into  such  animals  following  urease  immunization, 
incorporation  into  DNA  of  the  large  intestine 
has  been  reduced  20  percent  in  our  preliminary 
experiments.^  These  unpublished  data  indicate  that 
microbial  hydrolysis  of  urea  with  production  of  am- 
monia increases  cell  synthesis  in  the  lining  of  the 
large  intestine.  In  accord  is  the  finding  that  cell 
damage  is  greatly  enhanced  in  kidneys  infected  by 
urease  producing  strains  of  Proteus  bacteria  in  con- 
trast with  their  non-urease-producing  mutants  {20) . 
Others  have  also  reported  that  ammonia  may  alter 
processes  of  cell  renewal  in  cultures  of  chick  fibro- 
blasts, mammary  gland  slices,  or  in  kidneys  of  living 
animals  {4,  26,  34) . 

Biochemical  Changes  Due  to  Urea  Hydrolysis 

Although  many  questions  of  a  biochemical 
nature  remain  to  be  answered,  evidence  derived  to 
date  is  in  accord  with  our  observations  relating  urea 

^  Zimber,  A.  and  Visek,  W.  J.  Unpublished  data. 


Table  4. — Survival  of  white  mice  30  days  after  exposure  to  800  rads  of  CO^"  ivhole  body  irradiation 


Treatment  ^  No.  of  Ratio  Percent 

experiments  surviving 


0.9  percent  sodium  chloride . 
Normal  non-immune  serum  ^ 

Urease -antiserum  ^  

AET*  

AET  plus  antiserum  

MEA  *  

MEA  plus  antiserum  


*  All  treatments  were  administered  by  injection  before  irradiation. 
^  Blood  serum  obtained  from  normal  non-immunized  rabbits. 

'  Serum  obtained  from  rats  immunized  against  jackbean  urease. 

*  AET — S  beta-aminoethyl  isothiouronium  Br-HBr;  and  MEA — 0  mercaptoethylamine  HCl  (both  known 
radioprotective  agents). 


6  20/75  26 

4  2/40  5 
6  54/71  76 

5  53/57  94 
5  51/54  94 
2  19/26  73 
2  21/22  95 
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hydrolysis  to  growth  of  animals,  cell  lifespan,  DNA 
synthesis,  cell  regeneration  and  irradiation  sickness. 
Our  laboratory  has  been  able  to  obtain  data  on  bio- 
chemical changes  which  occur  during  acute  intoxi- 
cation by  utilizing  the  ability  of  injected  jackbean 
urease  to  severely  elevate  tissue  fluid  ammonia. 

Ammonia  intoxication  following  injection  of 
ammonium  salts  has  been  extensively  studied  in 
other  laboratories  because  of  its  importance  in 
brain  metabolism  and  liver  disease  in  man.  Since 
ammonia  is  rapidly  detoxified  in  animals  with 
normal  liver  function,  constant  infusion  of  am- 
monium salts  is  required  to  sustain  elevated  blood 
ammonia  levels.  Such  infusions  produce  changes  in 
body  fluid  pH  which  alters  thymidine  incorpora- 
tion into  DNA  and  other  processes  (4) .  On  the 
other  hand  injection  of  crystalline  jackbean  urease 
or  oral  administration  of  urea  can  produce  intoxi- 
cation or  death  while  plasma  pH,  pOa  and  pC02 
remain  within  physiological  limits  for  periods  which 
permit  sequential  measurements.  In  addition,  these 
treatments  more  nearly  simulate  the  natural  process 
of  urea  hydrolysis.  This  approach  has  the  additional 
advantage  of  providing  intermediate  products  of 
urea  hydrolysis  in  the  sequence  which  they  are 
formed  in  the  body,  a  fact  of  considerable  impor- 
tance if  the  intermediate  products  also  produce 
biological  effects. 

Injections  of  urease  produce  a  sharp  rise  in  blood 
ammonia  which  persists  for  8  to  12  hours.  Blood 
urea  declines  sharply  to  extremely  low  concentra- 
tions for  8  to  24  hours.  By  regulating  the  oral  dose 
of  urea,  blood  ammonia  may  be  elevated  for  desired 
periods.  As  ammonia  is  produced  from  urea,  detoxi- 
fication mechanisms  in  the  body  are  stimulated. 
Strategic  aberrations  in  biochemical  pathways  then 
become  evident  (fig.  1). 

The  starting  point  for  our  biochemical  experi- 
ments during  acute  intoxication  was  provided  by 
Japanese  scientists  who  found  that  ammonia  added 
to  liver  mitochondria  in  vitro  depleted  the  reduced 
pyridine  nucleotides  (6).  In  our  laboratory,  mito- 
chondria from  rats  injected  with  toxic  dosages  of 
urease  showed  an  elevation  of  the  oxidized  pyridine 
nucleotides  (NAD  and  NADP)  accompanied  by  a 
non-stoichiometric  decline  in  the  reduced  forms 
(NADH  and  NADPH).  This  change  in  the  two 
forms  of  pyridine  nucleotides  and  a  decrease  in  their 
combined  quantity  agreed  with  the  findings  of  our 


Japanese  colleagues.  These  workers  also  reported 
that  ammonia  added  to  mitochondria  from  normal 
animals  activated  an  oxidase  enzyme  which  de- 
stroyed the  reduced  forms.  We  found  this  enzyme 
to  be  activated  in  mitochondria  isolated  from 
intoxicated  animals.  This  finding  suggests  that 
ammonia  increases  the  requirements  for  dietary 
niacin  and  tryptophan  which  are  essential  for 
pyridine  nucleotide  synthesis. 

Other  important  metabolic  changes  are  also  indi- 
cated. The  pyridine  nucleotides  are  indispensible 
cofactors  in  intermediary  metabolism.  They  are 
necessary  for  the  pentose-phosphate  shunt  which 
is  the  only  source  of  five  carbon  sugars  for  DNA 
synthesis.  NADPH  participates  in  maintaining  red 
blood  cell  populations  which  we  found  to  be 
reduced  in  urease-injected  rabbits  and  urea-fed 
sheep  {24) .  The  pyridine  nucleotides  also  play  a 
role  in  glycolysis,  the  TCA  cycle,  and  ATP  forma- 
tion. ATP  is  used  in  reactions  requiring  metabolic 
energy  and  is  essential  for  maintaining  the  urea 
cycle. 

Of  considerable  value  has  been  the  finding  that 
data  obtained  in  acutely  intoxicated  rats  are  pre- 
dictive of  changes  to  be  expected  when  other  species 
are  acutely  intoxicated  or  fed  urea  in  their  diet. 
For  instance,  the  finding  that  blood  glucose,  pyru- 
vate, and  aketoglutarate  were  consistently  elevated 
in  rats  prompted  us  to  follow  these  indices  in  other 
species  (7)  where  blood  volume  is  sufficient  to  per- 
mit time  course  measurements.  Thus  far,  biochemi- 
cal studies  with  whole  animals  or  with  tissues  from 
intoxicated  animals  verify  that  intermediary  energy 
metabolism  is  severely  deranged,  and  that  DNA 
synthesis  can  be  increased  or  decreased  depending 
upon  the  quantity  of  urea  which  is  hydrolyzed. 

It  is  well  known  that  ruminants  intoxicated  with  a 
lethal  quantity  of  ammonia  may  be  successfully 
treated  with  vinegar  or  acetic  acid.  Such  animals 
show  sharp  decreases  in  blood  and  runiinal  am- 
monia (43).  However,  free  plasma  amino  acid 
patterns  are  also  profoundly  altered  when  the 
animals  are  comatose  or  at  the  peak  of  their 
toxicity.  Within  less  than  an  hour  after  adminis- 
tration of  acetic  acid,  intoxicated  animals  will  rise 
to  their  feet  and  frequently  ingest  feed.  Before 
ruminants  are  fully  recovered,  their  plasma  amino 
acid  patterns  have  returned  toward  normal — indi- 
cating that  intermediary  metabolism  of  amino  acids 
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is  also  deranged  by  the  intoxication  (7).  Such 
intoxication  experiments  have  provided  leads  to 
the  design  of  feeding  experiments  with  urea  in 
ruminants.  These  experiments  are  beginning  to 
show  that  the  feed  value  of  urea  may  be  increased 
beyond  present  expectations  by  supplementing  the 
diet  with  nutrients  which  maintain  specific  processes 
in  cycles  of  intermediary  metabolism.  They  also  are 
pointing  out  species  differences  in  these  pathways 
which  offer  avenues  for  progress. 

Conclusion 

The  fact  that  immunization  with  urease  inhibited 


urea  hydrolysis  in  vivo  while  growth  rate  was  in- 
creased added  significance  to  our  observation  that 
certain  growth  promoting  agents  inhibit  urease  di- 
rectly or  decrease  its  synthesis  by  bacteria.  Immuni- 
zation confirmed  the  participation  of  urea  hydrol- 
ysis in  the  so-called  antibiotic  growth  effect. 
Immunization  and  urease  injections  also  showed 
that  urea  hydrolysis  causes  cell  death,  alters  cell  re- 
newal, and  increases  the  number  of  deaths  due  to 
irradiation  sickness.  Since  antibacterial  agents  are 
non-specific  in  their  actions  on  micro-organisms, 
they  may  alter  other  microbial  processes  which  con- 
tribute to  increased  growth  of  the  host.  The  results 
with  urease  immunity  establish  the  effectiveness  of 


IMMUNITY  WITH  CRYSTALLINE  JACKBEAN  UREASE 

Crystals 


Precipitin  reaction 
Urea  disappearance 
NH3  production 


Altered:  4- 
Cell  lifespan 
Cell  regeneration 

Ammonia  decreased  in  bowel 
Urea  hydrolysis  decreased 
Growth  increased 


Passive  immunity 

Urease  toxicity  prevented 
Radiation  protection 


Ab  O 


Immunoelectrophoresis 


Figure  2. — Animals  injected  with  immunizing  dosages  of 
urease  produce  antibodies  (Ab),  detectable  in  blood 
serum,  other  tissue  fluids  and  excreta.  The  antibodies  react 
with  antigen  (Ag)  which  may  be  jackbean  urease  or  urease 
from  other  sources.  These  antibodies  can  be  quantitated 
and  characterized  by  precipitin  reactions,  hemagglutina- 
tion, immunodiffusion  and  immunoelectrophoresis.  Hu- 


man type-0  red  blood  cells  coated  with  urease  provide  a 
highly  sensitive  means  for  detecting  antiurease  by  hemag- 
glutination. Immunoelectrophoresis  makes  it  possible  to 
fractionate  fluids  by  means  of  electrical  current  and  to 
determine  the  antibody-containing  component.  Passive 
immunity  may  be  conferred  upon  non-immuned  animals 
by  injection  of  serum  from  immunized  animals. 
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the  immunological  approach  for  studying  these  and 
other  processes  in  the  bowel  which  are  due  to  anti- 
genically  active  substances  (fig.  2).  For  example, 
bile  acid  hydrolysis  like  urea  hydrolysis  is  carried  on 
by  bacterial  enzymes  which  are  free  of  the  cells 
that  produce  them  (25) .  When  products  of  bacterial 
hydrolysis  of  bile  acids  are  added  to  diets  of  ani- 
mals, growth  is  inhibited,  intestinal  histology  is 
altered,  and  other  abnormalities  are  produced.  Ac- 
cording to  the  evidence  with  urease  immunity,  it  is 
clear  that  bile  acid  hydrolysis  may  be  studied  by  im- 
munological methods  if  appropriate  antigens  are 
used.  Once  such  antigens  are  available  they  can  be 
used  to  study  their  effects  on  body  chemistry  and 
other  phenomena  as  shown  with  urease. 

Urease  immunity  as  a  growth  promotant  has  been 
studied  under  laboratory  conditions  and  has  not 
been  shown  to  improve  diets  that  give  high  per- 
formance. A  major  disadvantage  of  urease  immu- 
nity is  the  need  for  repeated  immunologic  challenge 
if  antibody  activity  is  to  be  maintained  at  the  re- 
quired levels.  However,  slow  release  depot  prepara- 
tions containing  urease  and  other  antigens  appear 
feasible  and  might  be  prepared  so  that  a  single  in- 
jection would  suffice.  Immunization  has  some  dis- 
tinct advantages.  Its  specificity  permits  control  of 
the  selected  process  by  normal  body  secretions  with 
minimum  potential  for  alteration  of  bacterial 
populations. 

In  contrast  to  antibacterial  agents  or  other  chemi- 
cals, urease  immunization  has  the  specificity  needed 
to  control  the  selected  process  with  dosages  that 
avoid  side  effects  to  the  host  and  other  nontarget 
processes.  Furthermore  most  antigens  are  readily 
destroyed  by  processing  methods  and  antibodies  are 
proteins  which  are  consumed  normally.  Thus  resi- 
dues which  frequently  contaminate  meat  or  prod- 
ucts of  animals  treated  with  chemical  agents  are 
avoided.  Even  if  immunization  fails  as  a  practical 
measure,  it  oflFers  an  effective  means  for  establish- 
ing the  biological  importance  of  molecular  species 
which  can  then  be  studied  for  alternate  methods 
of  control. 

Lifespan  and  regeneration  of  cell  populations  has 
great  importance.  The  bodies  of  man  and  lower 
animals  continually  form  new  cells  to  replace  those 
that  have  outlived  their  usefulness.  The  fact  that 
urea  hydrolysis  alters  the  lifespan  and  production  of 
cells  as  shown  by  studies  on  blood,  nucleic  acid 


synthesis,  and  survival  of  irradiated  animals  demon- 
strates that  bacteria  produce  products  from  normal 
body  secretions  which  require  animals  to  maintain 
a  greater  metabolic  and  synthetic  load.  This  alter- 
ation diverts  nutrients  from  production  of  useful 
products,  a  hypothesis  which  has  excellent  support 
from  studies  which  were  discussed.  The  fact  that 
cells  are  destroyed,  however,  means  that  the  products 
of  urea  hydrolysis  may  hasten  processes  of  aging. 
Destruction  of  cells  is  particularly  significant  in  tis- 
sues like  the  brain  where  certain  cells  cannot  be 
replaced. 

Another  important  consideration  is  that  produc- 
tion of  new  cells  in  some  populations  such  as  spleen, 
bone  marrow,  testes,  or  intestine  can  be  increased. 
This  increases  the  number  of  cells  susceptible  to  ma- 
lignant change. 

The  fact  that  the  degree  of  urease  activity  in  our 
studies  and  those  of  Dintzis  and  Hastings  ( 1953)  in 
simple-stomached  species  tends  to  parallel  the  inci- 
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dence  of  cancer  in  the  alimentary  tract  of  man  is 
circumstantial  evidence  that  urea  hydrolysis  may 
be  a  factor  in  cancer  initiation  or  promotion  [11, 
16) .  Cancer  of  the  digestive  tract  in  man  accounts 
for  the  largest  number  of  newly  diagnosed  cancers 
each  year  in  both  sexes.  According  to  Bailer,  et  al: 
"Cancer  is  a  group  of  diseases  found  in  all  ages  and 
races  of  man  and  in  all  other  species.  Since  1937  it 
has  been  the  most  frequent  cause  of  death  in  man 
in  the  United  States"  (3). 

The  digestive  tract  is  the  area  of  the  body  in 
which  urea  hydrolysis  occurs  at  the  highest  rate. 
Urea  hydrolysis  obviously  does  not  cause  a  large 
number  of  cancers  in  a  short  time.  However,  it  is 
a  lifelong  process  that  yields  one  and  possibly  three 
products  known  to  have  profound  effects  on  cells. 
Carbamates  are  produced  under  some  conditions 
by  urease  activity  (5).  Carbamates  are  converted 
by  microsomal  enzymes  to  hydroxylamine.  Even 
though  these  compounds  are  undoubtedly  produced 
in  small  quantities  and  have  a  very  short  existence 
carbamates  are  carcinogenic  and  hydroxylamine  is 
mutagenic.  Ammonia,  the  major  product,  increases 
cell  proliferation.  There  is  evidence  that  proliferat- 
ing cells  have  increased  susceptibility  to  carcinogens 
(25) .  Ammonia  has  already  been  suggested  as  hav- 
ing a  role  in  carcinogenesis  (42)  and  increasing  the 
incidence  of  viral  infection  (5).  Viruses  are  recog- 


nized for  a  role  in  carcinogenesis  in  some  species. 

Ammonia  in  gaseous  and  ionic  form  has  been 
reported  in  the  atmosphere  over  urban  areas  at  con- 
centrations of  ammonium  ion  equal  to  60-70  per- 
cent of  the  total  cations.  It  has  been  calculated  that 
the  urine  of  domestic  animals  in  the  United  King- 
dom contains  urea  equivalent  to  750,000  tons  of  am- 
monia per  year  (27).  Ammonia  transported  by  air 
currents  from  feedlots  has  been  shown  to  contami- 
nate nearby  lakes  {13).  Urea  used  in  feeds  in  the 
United  States  in  1968  totaled  230,000  tons  and  urea 
manufactured  for  fertilizers  was  more  than  2,300, 
000  tons.  These  usages  are  increasing  each  year.  In 
order  to  make  the  nitrogen  available  to  plants  and 
animals,  urea  must  be  hydrolyzed  by  ureases.  Urea 
hydrolysis,  therefore,  is  essential  or  the  environment 
will  be  overburdened  with  urea.  Urea,  being  a 
normal  metabolite  of  man  and  lower  animals,  can- 
not be  escaped  or  banned  by  legislative  action  as  is 
true  of  other  chemicals.  The  evidence  that  urea  hy- 
drolysis and  release  of  ammonia  have  harmful  con- 
sequences demonstrates  need  for  greater  under- 
standing of  the  process  if  it  is  to  be  controlled  for 
maximum  benefit.  The  fact  that  man  and  all  lower 
animals  have  evolved  in  a  symbiotic  relationship 
with  micro-organisms  which  facilitates  urea  hydrol- 
ysis as  a  normal  process  seems  insufficient  reason  to 
ignore  examination  of  the  questions  which  it  poses. 
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life  rather  than  quantity  of  production  the  criterion 
of  their  success.  It  has  become  apparent  that 
progress  only  means  moving  forward,  but  not  neces- 
sarily toward  a  desirable  goal.  The  widespread 
awareness  that  we  may  have  to  change  our  course 
will  generate  entirely  new  kinds  of  social  and 
scientific  problems. 

The  phenonmenal  increase  in  agricultural,  as 
well  as  industrial,  productivity  has  been  due  in  large 
part  to  the  much  greater  use  of  power,  especially 
from  fossil  fuels,  and  of  natural  resources,  especially 
in  the  form  of  mineral  fertilizers.  Until  now,  the  de- 
velopment of  new  techniques  has  been  focused  on 
more  economical  utilization  of  such  power  and  re- 
sources. But  this  approach  is  no  longer  sufficient, 
because  shortages  are  in  sight  with  regard  to  sup- 
plies of  both  power  and  resources,  also  because 
wasteful  and  careless  utilization  is  generating  the 
many  manifestations  of  the  ecological  crisis. 

All  ecological  systems,  whether  natural  or  man- 
made  must  eventually  achieve  a  state  of  equilibrium 
and  be  self-regenerating  with  regard  to  both  energy 
and  materials.  The  ecology  of  all  modern  prosperous 
nations  has  been  in  a  state  of  disequilibrium  for 
several  decades,  and  this  is  particularly  true  for  the 
United  States.  Furthermore,  ecological  instability 
is  increasing  at  such  an  accelerated  rate  that  we 
cannot  delay  much  longer  the  development  of  a 
nearly  "closed"  system  in  which  energy  is  produced 
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within  the  system  instead  of  being  obtained  entirely 
from  the  outside,  and  materials  retain  their  value 
through  recycling  instead  of  being  discarded  as 
pollutants. 

The  ecological  constraints  on  agricultural  pro- 
duction will  inevitably  lead  to  economic  and 
technological  structures  very  different  from  the  ones 
under  which  we  operate  today.  Many  persons  will 
be  alarmed  at  this  prospect  and  will  fear  that  the 
world  is  about  to  enter  a  period  of  stagnation  lead- 
ing eventually  to  decadence.  But  life  within  a  closed 
system  is  compatible  in  fact  with  an  immense  variety 
of  qualitative  changes;  it  will  indeed  offer  intellec- 
tual challenges  much  more  interesting  than  those 
associated  with  the  kind  of  rampant,  careless,  and 
wasteful  growth  that  prevails  at  present.  But  this 
will  require  a  new  kind  of  scientific  research. 

In  my  opinion,  the  nearly  "closed"  system  that  I 
anticipate  will  soon  compel  a  reorientation  of  the 
agricultural  enterprise,  in  its  theoretical  as  well  as 
practical  aspects.  Such  reorientation  cannot  be  suc- 
cessful without  creative  effort  on  the  part  of  the 
academic  scientists  and  their  willingness  to  refocus 
their  efforts  on  the  problems  of  the  contemporary 
world.  The  readjustment  will  often  be  painful;  but 
its  reward  will  be  the  prospect  of  a  happier  society 
and  of  a  scientific  renaissance. 

Rene  Dubos 
The  Rockefeller  University 
New  York,  N.Y. 
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CONSUMER 
BEH/J/IOR  OF 


ROBERT  0.  HERRMANN 

EACH  generation  is  shaped  by  its  own  unique 
experiences  and,  in  a  fast-changing  world,  the 
experiences  of  one  generation  and  the  next  may  dif- 
fer greatly.  These  diflFerences  in  generational  experi- 
ences are  illustrated  dramatically  when  we  compare 
the  experiences  of  the  young  adults  in  the  18  to  24 
age  group  now  reaching  marriageable  age  with  those 
of  their  parents.  Because  of  the  differences  in  what 
they  have  experienced  in  the  course  of  their  lives, 
it  is  not  surprising  that  both  the  attitudes  and  the 
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behavior  of  the  two  generations  differ.  One  aspect 
of  behavior  which  seems  especially  likely  to  differ 
between  the  two  generations  is  their  behavior  as 
consumers. 

Three  major  forces  have  played  a  role  in  shaping 
the  consumer  behavior  of  the  new  generation  of 
young  adults :  ( 1 )  the  experience  of  growing  up  in 
a  period  of  almost  unbroken  prosperity,  (2)  per- 
missive techniques  of  child-rearing  and  (3)  a  high 
level  of  education  and  heavy  exposure  to  the  mass 
media. 

In  the  interests  of  unity,  this  review  focuses  on 
only  one  segment  of  the  young  adult  group — those 
from  middle  income  families — which  probably  con- 
stitute 70  to  80  percent  of  this  age  group.  Excluded 
from  this  review,  therefore,  are  two  other  groups 
of  substantial  interest  and  concern :  youth  from  low- 
income  families  and  the  dissident  radical  fringe, 
many  of  whom  are  from  upper-middle  class  families. 

Behavior-Shaping  Forces 

The  experience  of  growing  up  in  a  period  of  al- 
most unbroken  prosperity  has  had  a  broad  and  per- 
vasive influence  on  the  economic  attitudes  of  the 
new  generation.  Since  World  War  II,  most  families 
of  child-rearing  age  found  themselves  better  off  each 
year,  or  at  least  as  well  off.  These  improvements  in 
financial  well-being  among  families  with  children 
produced  a  widely  shared  feeling  of  optimism  about 
future  increases  in  incomes  and  levels  of  living 
(15).^  The  optimism  of  the  parents  of  the  1950's 
and  1960's  probably  was  heightened  by  comparisons 
of  their  situation  with  what  they  had  experienced 
as  young  people  in  the  1930's.  In  1966,  the  purchas- 
ing power  of  typical  families  with  children  was 
about  two  and  a  half  times  greater  than  it  had  been 
25  years  earlier  [34,  37).  The  optimistic  economic 
expectations  of  the  new  generation  should  be  of 
little  surprise  when  we  consider  the  atmosphere  in 
the  families  in  which  they  grew  up. 

The  second  major  force  influencing  the  new  gen- 
eration has  been  the  permissive  technique  of  child- 
rearing,  with  its  emphasis  on  greater  tolerance  for 
the  child's  impulses  and  desires,  freer  expression  of 

This  article  was  adapted  from  the  author's  presidential  address  to  the 
15th  Annual  Conference  of  the  American  Council  on  Consumer  Interests 
(formerly  the  Council  on  Consumer  Information).  Greeley,  Colorado, 
Apr.  18,  1969,  and  from  a  later  version  published  in  the  Journal  of 
Consumer  Affairs,  Vol.  4,  No.  1,  1970. 

Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  30. 


affection,  and  psychological  methods  of  discipline 
rather  than  physical  punishment.  The  shift  of 
middle-class  families  away  from  the  more  rigid  dis- 
ciplinary styles  of  the  1920's  and  1930's  to  more 
permissive  techniques  of  child-rearing  has  been 
documented  by  Bronfenbrenner.  There  also  is  evi- 
dence that  working-class  families  have  adopted  both 
middle-class  values  and  psychological  techniques  of 
discipline  with  the  result  that  the  differences  which 
formerly  existed  between  middle-class  and  working- 
class  child-rearing  practices  have  narrowed  (4) . 

These  permissive  techniques  have  been  found  to 
have  an  important  effect  on  children's  behavior  and 
have  been  linked  by  researchers  to  a  reduced  ca- 
pacity for  initiative  and  independence,  especially 
in  boys.  After  surveying  research  in  this  area, 
Bronfenbrenner  concluded  that  "males  exposed  to 
this  'modern'  pattern  of  child-rearing  might  be  ex- 
pected to  differ  from  their  counterparts  of  a  quarter 
century  ago  in  being  somewhat  more  conforming 
and  anxious,  less  enterprising  and  self-sufficient, 
and,  in  general,  possessing  more  of  the  virtues  and 
liabilities  commonly  associated  with  the  feminine 
character  structure"  (5). 

The  third  major  force  which  has  influenced  the 
behavior  of  the  new  generation  is  their  higher  level 
of  education  and  heavy  exposure  to  the  mass  media. 
The  new  generation  has  completed  considerably 
more  years  of  education  than  its  parents  did  (57). 
There  is,  in  addition,  reason  to  believe  that  the 
quality  of  a  "year"  of  education  has  improved  con- 
siderably in  the  past  25  years.  Standards  of  per- 
formance certainly  are  higher,  school  years  are 
somewhat  longer,  and  attendance  is  better  (57). 

The  new  generation  has  been  heavily  involved 
with  the  mass  media  from  an  early  age.  It  is  the 
first  television  generation  and,  as  children,  they 
spent  an  average  of  20  to  21  hours  per  week  in  tele- 
vision viewing  (59) .  After  vacations  and  weekends 
are  taken  into  account,  this  is  roughly  as  much  time 
as  was  spent  in  class  at  school.  Viewing  typically 
began  early;  more  than  one-third  of  all  children 
were  regular  viewers  at  age  3,  and  by  kindergarten 
80  percent  were  regular  viewers.  Much  of  this  view- 
ing has  been  of  shows  usually  considered  to  be 
"adult"  {31). 

The  new  generation  also  has  been  heavily  exposed 
to  print  media  with  advertising  content.  Most  began 
reading  the  newspaper  on  a  daily  basis  in  about 
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grade  7  or  8  (30) .  Their  reading  programs  have  also 
included  a  wide  variety  of  magazines.  Younger  teen- 
agers read  magazines  especially  aimed  at  their  age 
group,  like  Boy's  Life  and  the  Scholastic  magazines, 
and  the  mass  circulation  magazines  like  TV  Guide, 
Life,  Look  and  Reader's  Digest,  as  well.  Older  teen- 
agers have  been  observed  to  have  reading  patterns 
much  like  adults.  The  boys  read  the  mass  circulation 
magazines  and  special  interest  magazines  like  Hot 
Rod  and  Sports  Illustrated.  One  media  survey  esti- 
mated that  39  percent  of  all  girls  age  14  to  17  read 
a  typical  issue  of  Seventeen.  They  also  read  the  mass 
circulation  magazines  and,  anticipating  their  future 
roles  as  wives  and  mothers,  read  the  women's  and 
home  magazines  [10). 

Consumer  Behavior 

The  foregoing  three  sets  of  unique  generational 
experiences  appear  to  have  had  a  significant  influ- 
ence on  the  behavior  and  attitudes  of  the  new 
generation.  They  are,  first  ofT,  highly  optimistic 
about  their  future  financial  situations  and  level 
of  living.  This  attitude,  undoubtedly,  is  due  to  the 
air  of  satisfaction  and  optimism  which  prevailed  in 
their  families  as  they  grew  up.  Their  optimism  also 
may  be  a  result  of  the  new  knowledge,  which  has 
become  widespread,  that  incomes  typically  rise  with 
age,  and  that  this  rise  is  most  marked  for  those 
with  more  education  [15).  As  a  result  of  their 
youthful  experiences,  this  new  knowledge,  and,  per- 


haps some  youthful  enthusiasm,  young  adults  have 
been  found  to  be  the  most  optimistic  of  all  age 
groups  about  future  increases  in  income  and  level 
of  living  {18). 

Almost  all  young  people  look  forward  to  what 
Riesman  and  Roseborough  have  labeled  the 
"standard  package" — the  set  of  durable  goods,  cloth- 
ing, food  products  and  services  enjoyed  by  the 
majority  of  Americans  (28).  Cateora's  study  of 
teenagers  in  a  Texas  high  school  provides  some 
details  on  the  exact  nature  of  these  expectations. 
He  found  that  the  teenagers  which  he  studied  ex- 
pected their  first  home  to  have  things  which  prob- 
ably had  taken  their  parents  years  to  acquire. 
Seventy-six  percent  expected  their  first  home  after 
marriage  to  have  air-conditioning,  79  percent  ex- 
pected a  washer,  45  percent  expected  a  dryer,  and 
38  percent  expected  to  have  a  dishwasher.  Although 
the  expectations  of  youth  from  working-class  fami- 
lies were  more  modest  than  those  of  the  youth  from 
middle-class  homes,  they  were,  nevertheless 
optimistic  (6) . 

Another  result  of  economic  prosperity  has  been 
that  the  new  generation  grew  up  with  substantial 
amounts  of  money  which  they  were  free  to  spend 
much  as  they  pleased.  They  may  not,  however,  have 
learned  much  in  the  process  that  will  be  relevant 
to  the  management  of  their  financial  affairs  as 
adults.  The  amounts  available  to  youth  for  their 
own  spending  have  increased  greatly  since  the  1930's 
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and  1940's.  Gilbert,  the  market  researcher  who  pio- 
neered in  investigating  the  youth  market,  estimated 
that  the  spending  money  (including  both  allowances 
and  earnings)  of  high  school  boys  and  girls  increased 
four-fold  between  1945  and  1959— from  $2.50  to 
$10  per  week  (//).  Most  of  the  new  generation, 
except  for  some  youth  from  poor  and  rural  families, 
received  an  allowance  or  other  money  from  their 
parents  which  they  were  free  to  spend  with  little 
parental  supervision  (9,  24,  25,  29).  Except  for 
some  farm  youth  from  low-income  families,  most 
of  the  new  generation  also  had  significant  amounts 
from  their  own  earnings  [9,  13,  24,  29). 

The  available  research  suggests  that  their  expe- 
riences with  money  have  provided  the  new  genera- 
tion with  little  useful  buymanship  infonnation  or 
money  management  experience.  Although  hand- 
books on  child-rearing  typically  recommend  allow- 
ances as  a  device  for  training  children  to  manage 
money,  there  is  little  evidence  that  allowances  or  the 
opportunity  to  earn  money  at  home  actually  do 
improve  children's  financial  knowledge  and  respon- 
sibility {20,  21,  26).  Moreover,  the  very  nature  of 
children's  and  adolescent's  spending  limits  its  use- 
fulness as  a  training  device.  Children's  and  teen- 
ager's purchases  are  largely  for  discretionary  items 
like  toys,  entertainment,  small  clothing  items  and 
snacks.  Since  their  families  provide  the  basic  neces- 
sities, they  are  under  little  compulsion  to  manage 
their  money  carefully  and  are  free  to  spend  as  they 
please.  While  these  discretionary  purchases  may 


provide  some  training  in  the  selection  of  merchan- 
dise, they  seem  unlikely  to  provide  much  motivation 
for  learning  to  budget  and  manage  money  carefully. 

Cateora  found  that  while  most  teenagers  recog- 
nized that  one  should  shop  around  for  the  best  price 
on  a  desired  item,  most  admitted  that  they  would 
buy  in  the  first  store  which  had  the  item  they 
wanted.  Most  also  admitted  that  once  they  had  made 
their  choice,  they  tended  to  insist  on  the  item  they 
preferred,  regardless  of  relative  prices  (6) .  Even 
among  students  in  home  economics  classes,  a  group 
whom  one  would  expect  to  more  likely  have  spend- 
ing plans,  only  a  limited  number  were  using  tech- 
niques usually  considered  to  be  a  part  of  careful 
money  management.  In  a  nationwide  survey  by 
Hurt  of  51,968  students  in  high  school  home  eco- 
nomics classes,  only  40  percent  were  found  to  have 
a  plan  for  spending  and  only  19  percent  kept  a 
record  of  their  spending  {13).  Although  most  sur- 
veys indicate  that  youth  "save"  part  of  their  income, 
undue  importance  probably  should  not  be  attached 
to  this  fact.  Much  of  this  "saving"  activity  appears 
to  be  for  small  target  purchases  rather  than  long- 
range  needs  such  as  education  {7,24) . 

The  amount  of  experience  which  the  new  gen- 
eration has  with  their  own  credit  accounts  as  teen- 
agers seems  to  vary  between  regions.  Special 
teenage  credit  accounts  seem  to  be  more  widely 
available  in  the  Southeast  than  in  the  Northeast 
(52),  and  seem  to  have  been  utilized  by  a  signifi- 
cant proportion  of  the  older  teenagers  in  the  South- 
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east.  In  their  study  of  12,317  white  teenagers  in 
South  Carolina  schools,  Powell  and  Cover  found 
that  40  percent  of  the  12th  grade  boys  and  20  per- 
cent of  the  12th  grade  girls  had  their  own  charge 
accounts  (25). 

The  new  generation  seems  wary  of  consumer 
credit  and  well  aware  of  the  dangers  of  misusing  it. 
This  attitude  may  be  a  result  of  observing  the  ex- 
periences of  their  own  and  other  families  in  using 
credit  (6).  Data  from  surveys  taken  over  the  last 
13  years  by  the  University  of  Michigan  Survey  Re- 
search Center  suggest  that  the  young  adults  of  today 
actually  have  a  somewhat  less  favorable  attitude 
toward  the  use  of  installment  credit  than  did  the 
same  age  group  of  13  years  ago  {18,22).  However, 
the  proportion  of  young  families  actually  using  in- 
stallment credit  has  increased.  In  1967,  69  percent 
of  the  families  with  heads  in  the  18  to  24  age  group 
had  such  debts  (18) .  This  apparently  reflects  a  feel- 
ing that  although  there  are  risks  in  the  use  of  credit, 
it  is  all  right  to  use  it,  as  long  as  it  is  used  sensibly. 
The  increasing  number  of  consumer  bankruptcies 
and  the  relatively  young  age  of  many  of  the  bank- 
rupts (in  several  studies  the  median  age  has  been 
around  30)  indicates  that  there  are  some  casualties 
among  the  younger  users  of  credit  (12) .  The  propor- 
tion of  young  families  heavily  committed  to  in- 
stallment debt  payments  has  however,  declined  in 
recent  years.  Fewer  families  with  heads  in  the  18 
to  24  age  group  now  have  an  amount  in  excess  of 
20  percent  of  their  previous  year's  disposable  in- 
come committed  to  installment  debt  payments — a 
level  sometimes  considered  to  be  a  dangerline  {16, 
17,  18,  23). 

It  appears  that  the  consumer  behavior  of  the  new 
generation  also  may  differ  from  that  of  the  previous 
generation  because  of  the  increased  influence  of 
peers  on  consumption  patterns.  The  more  de- 
pendent, conforming  child  produced  by  permissive 
child-rearing  practices  is  sensitive  to  the  opinions 
of  both  his  parents  and  his  peers.  Although  parents 
of  the  new  generation  exercised  a  great  deal  of  in- 
fluence on  basic  values  and  such  crucial  decisions 
as  the  career  choices  of  their  children,  they  seem  to 
have  exercised  less  influence  on  their  consumption 
behavior  {3,  8,  27).  Generally,  they  have  left  their 
children  free  to  gambol  in  what  Douvan  and  Adel- 
son  have  called  "the  consumption  fairyland."  The 
strong  influence  of  peers  on  consumption  patterns 


and  styles  which  has  been  observed  among  teen- 
agers seems  likely  to  continue  into  adulthood. 

As  a  result  of  their  long  and  heavy  exposure  to 
the  mass  media  and  their  better  educations,  the  new 
generation  has  developed  a  skeptical  and  question- 
ing attitude  toward  product  claims  and  advertising. 
This  attitude  seems  to  be  part  of  a  general  increase 
in  skepticism  among  youth.  This  increase  in 
skepticism  is  reflected  in  the  changes  over  the  years 
in  the  responses  given  by  high  school  students  to  the 
question:  "Do  you  feel  that  you  can  believe  what 
you  read  in  the  newspapers?"  When  students  were 
asked  this  question  in  1949  by  the  Purdue  Opinion 
Panel  {33),  41  percent  said  "yes."  Thirty-nine  per- 
cent replied  affirmatively  in  1959,  and  33  percent 
in  1964.  Business  claims  also  may  suffer  from  the 
generally  skeptical  attitude  of  the  new  generation 
toward  business.  The  problems  which  business  has 
experienced  in  recruiting  new  college  graduates  has 
become  a  familiar  story  in  recent  years. 

The  popularity  of  Mad  magazine  in  recent  years 
not  only  reflects  the  skeptical  attitude  of  youth,  but 
also  has  fed  this  skepticism.  Mad'?,  satirical  treat- 
ment of  modem  life  and  customs  has  received  wide 
circulation  among  teenagers.  Advertising  has  been 
a  frequent  subject  for  parody,  as  have,  to  a  lesser 
extent,  business  customs.  Both  these  subjects  were 
found  by  Winick  to  be  favorites  with  Mad  readers. 
Mad's  focus  on  the  incongruences  between  espoused 
social  standards  and  actual  behavior  was  found  to 
have  special  appeal  to  those  teenagers  who  (a)  were 
better  students,  (b)  came  from  higher  income  fam- 
ilies, and  (c)  were  especially  sensitive  to  the  prob- 
lems depicted  {38) . 

Despite  their  skepticism,  the  new  generation  does 
seem  to  value  the  advice  of  accepted  experts.  They 
are  more  familiar  than  earlier  generations  with  the 
concept  of  the  "professional"  and  his  role  in  provid- 
ing personal  assistance.  Higher-income  youth,  in 
particular,  are  familiar  \vith  such  professionals  as 
doctors  and  have  been  found  to  have  a  more  favor- 
able image  of  physicians  than  do  lower-income 
youth  who  probably  have  had  fewer  contacts  with 
them  (2) .  This  attitude  toward  trusted  professionals 
suggests  that  advisors  on  consumer  problems  should 
be  able  to  work  successfully  with  young  adults,  if 
they  are  able  to  establish  themselves  as  trusted 
experts. 
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Consumer  Education  Needs 

The  picture  we  have  sketched  of  the  new  genera- 
tion shows  them  full  of  optimism  about  their  fi- 
nancial futures,  experienced  in  spending  money  but 
lacking  any  real  experience  in  managing  it,  inclined 
toward  conformity  with  peer-approved  consumption 
styles,  and  skeptical  of  advertising  and  product 
claims.  It  is  a  portrait  which  shows  both  potential 
strengths  and  weaknesses.  The  dangers  of  over- 
optimism,  inexperience,  and  conformity  are  bal- 
anced, at  least  in  part,  by  a  healthy  amount  of 
skepticism. 

The  new  generation  clearly  needs  consumer  in- 
formation and  education.  It  is  not  well  prepared 
for  adult  money-management  roles  either  on  the 
basis  of  its  past  experiences  or  by  training.  Because 
of  its  skeptical  attitude  toward  product  claims  and 
advertising,  the  new  generation  will  accept,  and 
even  seek,  expert  advice  on  consumer  problems. 
This  advice  however,  must,  be  both  authoritative 
and  unbiased.  The  new  generation  will  have  little 
use  for  so-called  consumer  advisors  who  are  either 
poorly  informed  or  seek  to  promote  some  special 
interest.  To  succeed  with  the  new  generation,  con- 
sumer educators  must  perform  with  the  expertise 
and  concern  for  their  client's  best  interests  charac- 
teristic of  true  professionals. 

The  new  generation  seems  especially  interested 
in  expert  guidance  in  selecting  products.  From 
childhood,  they  have  exchanged  a  great  deal  of 
product  information  among  themselves.  Now,  as 
adults,  they  seem  more  interested  in  product  testing 
information  than  did  earlier  groups  of  the  same 
age.  During  the  1960's  the  proportion  of  Consumers 
Union  subscribers  under  the  age  of  25  has  increased 
significantly — from  3.0  percent  of  all  CU  sub- 
scribers in  1960  to  4.8  percent  in  1967."  Although 
the  under-25  households  still  are  under-represented 
in  CU  in  relation  to  their  numbers  in  the  total  pop- 
ulation {35,  36) ,  this  shift  in  the  composition  of  CU 
membership  does  seem  to  be  a  hopeful  sign. 

In  addition  to  buymanship  information,  the  new 
generation  also  badly  needs  guidance  in  managing 
its  finances.  Their  discretionary  spending  as  chil- 
dren and  teenagers  has  provided  them  with  little 
relevant  information  or  experience  in  money  man- 

-  Personal  communication  from  Robert  L.  Smith,  Asst.  Director,  Con- 
sumers Union,  Feb.  18,  1969. 


agement.  Few  ever  kept  written  records  or  did  any 
long-term  saving.  Money  management  information 
may  be  of  little  interest  to  young  singles  or  newly- 
weds,  who  typically  experience  few  money  prob- 
lems. Such  information  seems  more  likely  to  be  of 
interest  to  young  marrieds  after  the  arrival  of  their 
first  child.  It  is  at  this  stage  when  money  first 
becomes  a  subject  of  disagreement  between  husband 
and  wife  ( /  ) ,  and  concern  about  the  family's  finan- 
cial situation  is  greater  than  at  any  other  stage  in 
the  family  life  cycle  (19).  This  stage  may  be  the 
teachable  moment  for  financial  management 
information. 

The  new  generation  is  not  well-informed  about 
consumer  credit  despite  the  fact  that  most  of  them 
are  using  it.  Data  from  the  1967  Survey  of  Con- 
sumer Finances  suggest  that  the  new  generation 
is  no  better  informed  about  the  cost  of  credit  than 
the  rest  of  the  adult  population.  Along  with  the 
rest  of  the  adult  population,  they  tended  to  under- 
estimate the  cost  of  automobile  installment  credit 
when  questioned  about  a  hypothetical  borrowing 
situation.  The  18  to  24  age  group  was,  however, 
more  confident  of  their  answers  than  some  of  the 
older  age  categories  cjuestioned ;  fewer  of  the  young- 
er age  categories  gave  "don't  know"  answers  to 
the  question  (18).  Although  the  new  generation  is 
wary  of  credit,  most  do  use  it.  However,  consumer 
educators  should  be  certain  that  young  consumers 
are  not  simply  giving  in  to  the  blandishments  of 
credit  retailers  who  play  on  their  eagerness  to  get 
what  they  want,  but  are,  instead,  using  credit  sensi- 
bly to  meet  their  own  needs.  There  are  indications 
from  the  Survey  of  Consumer  Finances  data  that  the 
problem  of  establishing  credit  is  of  special  concern 
among  young  adults  (18) .  This  topic  may  be  useful 
as  an  opening  wedge  for  a  more  comprehensive 
program  on  credit  costs  and  terms  for  young  adults. 

The  new  generation  seems  likely  to  be  more 
interested  in  consumer  education  and  more  con- 
cerned about  consumer  problems  than  previous 
generations.  They  seem  especially  sensitive  to  and 
resentful  of  business  attempts  to  take  advantage  of 
the  consumer.  Their  interest  in  consumer  problems 
seems  to  be  part  of  a  broader  concern  about  the 
welfare  of  the  powerless  in  their  dealings  with  the 
powerful.  This  concern  about  the  rights  of  the 
under-dog  apparently  has  its  origins  in  the  equali- 
tarian  and  democratic  emphasis  of  many  parents 
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who  employed  permissive  child-rearing  techniques 
(14).  It  may  result  in  a  generation  which  is  both 
more  sensitive  to  poor  and  careless  treatment  by 
retailers  and  manufacturers  and  more  favorable  to 
consumer  protection  legislation. 

Conclusions 

The  new  generation  of  young  adults  constitutes  a 
major  challenge  for  consumer  educators  and  re- 
searchers. This  new  generation  clearly  needs  help. 
The  past  experiences  and  education  of  these  young 
adults  provide  them  little  basis  for  dealing  with  the 
rapid  changes  in  both  income  and  financial  respon- 
sibilities they  typically  encounter.  Available  research 
results,  unfortunately,  provide  only  partial  coverage 
of  this  age  group.  Most  of  the  available  information 
concerns  college  students,  the  one  category  in  this 
age  group  which  is  a  captive  sample  for  researchers. 
As  a  whole,  the  group  is  markedly  under-researched 
compared  to  younger  age  groups  which  are  more 
easily  accessible  to  researchers. 


The  narrow  age  span  covered  and  similarities  in 
income  may  make  the  young  adult  age  group  appear 
less  diverse  than  it  really  is.  It  is,  in  fact,  quite 
heterogeneous — including  college  students,  those 
beginning  blue-collar  careers,  young-marrieds, 
"swinging  singles,"  and  more.  Moreover,  it  is  an  age 
in  which  roles  and  concerns  change  quickly  with 
employment,  marriage,  and  parenthood.  Any  useful 
research  must  take  account  of  this  diversity  and  its 
effects  on  expenditures,  goals,  and  expectations. 

Although  the  young  adult  age  group  is  hetero- 
geneous, it  does  share  certain  common  tasks  and 
problems — the  problems  of  adjusting  from  the  role 
of  a  dependent  child  to  that  of  an  economically 
independent,  productive  adult.  The  very  generality 
of  such  problems  as  adjustment  to  geographic  and 
occupational  changes,  the  financial  management  of 
a  newly  independent  consumption  unit,  and  con- 
flict over  inter-generational  financial  help,  makes 
them  worthy  of  attention. 
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A 

FARMER  VIEWS 

THE 
ENVIRONMENT 


JAMES  G.  HORSFALL 


THE  concept  that  a  farmer  might  offer  a 
few  useful  solutions  to  our  environmen- 
tal problems  carries  a  refreshingly  different 
connotation.  In  this  case,  the  "farmer,"  while 
not  exactly  a  man  of  the  soil,  has  ably  demon- 
strated in  many  ways  his  deep  understanding 
of  the  ecological  forces  that  govern  our  total 
environment. 

This  article  was  adapted  from  a  talk  which 


Dr.  Horsfall  made  at  Boston,  Massachusetts 
to  the  deans  of  instruction  of  New  England 
colleges  and  universities  on  April  1 , 1970  when 
they  met  to  discuss  proposed  environmental 
curricula.  It  embodies  many  of  the  ideas 
which  he  presented  at  the  initial  meeting  of 
the  Governor's  Committee  on  Environmental 
Policy  [Connecticut]  on  which  he  served  as 
chairman. 


MOST  of  the  environmental  excitement  is  among 
city  men.  It  is  they  who  are  frightened,  be- 
cause they  have  suddenly  discovered  that  Nature 
fights  back. 

This  quality  of  Nature  is  hard  for  the  city  man 
to  understand,  for  he  had  always  thought  of  Nature 
as  being  soft  and  kind.  He  was  accustomed  to  using 
the  term,  "Mother  Nature."  He  prattled  about  the 
mystical  balance  of  nature.  He  always  considered 
this  as  favorable  to  man. 

But  now  he  sees  that  Nature  will  exact  her  price. 
He  throws  smog  into  the  air;  Nature  flings  it  back 


at  him.  He  dumps  his  wastes  into  rivers,  and  Nature 
refuses  to  cleanse  the  waters,  as  she  did  back  in 
grandfather's  day. 

In  contrast,  the  farmer  has  long  been  slapped 
around  by  Nature.  When  he  mistreated  his  soil, 
Nature  fought  back.  She  washed  it  away,  and  he 
ended  up  tilling  subsoil. 

.V  city  man  has  probably  never  seen  a  cow  killed 
by  lightning,  nor  a  field  of  wheat  hammered  to  the 
ground  by  hail,  nor  a  forest  set  ablaze  by  skyfire. 

But  a  farmer  knows  intimately  the  awesome 
power  that  Nature  can  release. 


32 


Agricultural  Science  Review 


The  city  man  has  suddenly  discovered  the 
Tragedy  of  the  Commons.^ 

The  farmer  has  known  about  this  principle  for 
centuries.  He  calls  it  carrying  capacity.  An  acre  of 
ground  will  carry  only  so  many  cows;  a  tree  can 
carry  only  so  many  apples.  When  the  carrying 
capacity  becomes  overloaded,  he  eases  the  burden  by 
thinning  out.  Actually,  this  is  population  control. 
Sometimes  man  practices  it ;  sometimes  Nature  does. 

We  scientists  have  done  innumerable  experiments 
on  carrying  capacity — spacing,  thinning,  plant 
breeding.  This  research  is  invariably  aimed  at  a 
function  the  plant  performs.  We  may  shorten  the 
plant  height  by  breeding.  Thus  we  can  put  more 
individuals  on  each  acre  and  absorb  more  energy, 
especially  early  in  the  season.  We  fertilize  it  with 
extra  nitrogen  so  that  it  will  manufacture  more 
nutrients.  We  discover  a  gene  for  better  transport 
so  that  more  sugar  can  be  transported  to  the  ear. 
We  treat  a  plant  seed  so  that  it  will  be  better  able 
to  withstand  disease  organisms  in  an  unfavorable  soil 
environment.  By  selective  breeding  we  develop  a 
corn  ear  with  tougher  husks  to  discourage  flocks  of 
marauding  birds.  We  dispose  of  wastes  by  returning 
straw  and  manure  to  the  soil. 

Need  for  Reorientation 

Thus,  the  arglcultural  sciences  contain  all  the 
basics  for  establishing  courses  on  the  environment. 
Instructors  may,  however,  have  to  reorient  their 
thinking.  Take  research  for  example. 

I  think  one  day  farmers  will  use  some  of  their 
land  as  giant  compost  heaps  to  recycle  city  wastes. 
If  so,  agronomists  will  have  to  rotate  180°  on 
subjects  relating  to  organic  matter.  Up  to  now,  they 
have  tried  to  maintain  a  high  degree  of  organic 
matter.  Now,  they  must  try  to  get  organic  content 
down. 

Soil  microbiologists,  too,  will  have  to  rotate  180°. 
Up  to  now,  they  have  tried  to  hurry  nitrogen  on 
into  nitrate.  Now  they  must  try  to  liberate  it  as  Nj 
and  complete  the  cycle  to  prevent  eutrophication. 

Likewise,  entomologists  must  reorient  their  think- 

^  See  "The  Tragedy  of  the  Commons"  by  Garrett  Hardin,  Science  Vol. 
162.  Dec.  13,  1968.  Hardin  uses  the  parable  of  the  commons  in  colonial 
Britain.  Every  villager  had  the  freedom  to  pasture  his  cow  there.  The 
commons  is  finite  but  villagers  had  an  infinite  freedom  to  put  cows  on 
that  finite  commons.  Eventually,  of  course,  the  commons  collapses,  es- 
pecially under  a  sudden  stress  such  as  a  drought.  New  York  City's  water 
commons  came  dangerously  near  to  collapse  in  the  great  northeastern 
drought  of  1965. 


ing.  Up  to  now,  they  tried  to  get  maggots  out  of 
cow  manure.  Now  they  must  figure  out  ways  to 
use  those  maggots  to  aid  in  recycling  that  waste. 

Regardless  of  whether  we  are  teaching  environ- 
mental courses  in  a  classroom,  or  selling  a  concept 
to  the  public,  or  devising  legislative  ways  to  prevent 
a  global  "tragedy  of  the  commons,"  our  goal  will 
remain  constant:  how  to  live  pleasantly  enough 
while  reducing  the  price  that  Nature  will  exact 
of  us. 

Can  this  be  done? 

Realistically,  we  cannot  escape  to  Walden  Pond. 
Nor  would  we  want  to.  Instead,  we  must  face  the 
fact  that  there  are  certain  functions  that  people  on 
the  commons  are  bound  to  perform — produce  ener- 
gy, for  instance,  market  goods,  dispose  of  waste, 
build  houses,  seek  recreation,  and  so  on.  These  are 
functions  similar  to  those  that  a  population  of  corn 
plants  performs  on  its  commons.  The  real  problem 
is  to  continue  to  engage  in  these  activities  in  such 
a  manner  that  will  result  in  the  least  insult  to 
Nature. 

It  was  on  this  basis  that  we  on  the  Governor's 
Committee  on  Environmental  Policy  [Connecticut] 
began  our  study.  We  were  concerned,  of  course,  with 
designing  a  State  policy.  Perhaps  colleges  and  uni- 
versities concerned  about  educational  gaps  in  en- 
vironment issues  could  take  the  same  approach  in 
designing  curricula. 

Let  me  briefly  discuss  a  few  of  these  functions 
with  you. 

Energy  Production 

Energy  production  is  the  favorite  whipping  boy 
for  environmentalists.  Yet  energy  is  essential  in  a 
modern  society.  Although  no  one  really  likes  dams, 
smoky  power  plants,  atomic  reactors,  or  even  that 
old  furnace  in  the  basement,  we  certainly  don't 
intend  to  saw  lumber  by  hand,  nor  bathe  in  cold 
water  in  a  cold  bathroom. 

The  question  is  not  which  method  of  producing 
energy  will  please  the  environment.  Rather,  the 
question  is:  Which  method  insults  it  least?  Hope- 
fully, a  comparison  of  environmental  costs  of  the 
three  sources  of  electrical  power — plus  the  family 
furnace  and  including  the  flooded  valleys,  belching 
stacks,  warm  shad,  and  tank  farms — will  show  the 
best  way  for  obtaining  our  energy  needs  while 
harming  the  environment  least. 
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Marketing  of  Goods 

are  the  relative  costs  to  the  environment 
of  obtaining  our  groceries,  our  drugs,  and  clothing 
from  the  market  place?  Shall  we  package  these 
goods  in  tin,  aluminum,  plastics,  or  paper?  Which 
is  the  least  costly  to  the  environment?  The  litter 
problem  unquestionably  must  be  solved  at  this 
stage — the  marketing  step — rather  than  later  out 
of  reasons  of  piety. 

Waste  Disposal 

disposal  is  a  fantastic  insult  to  the  en- 
vironment. In  the  years  ahead,  the  problem  will 
become  even  more  serious  than  it  is  today — not 
only  because  of  increased  amounts  but  also  because 
of  the  growing  inadequacies  of  present  disposal 
methods. 

We  have,  I  believe,  only  five  alternatives:  burn- 
ing, burying,  flushing,  hiding,  and  recycling.  Some 
of  these  methods  merely  transfer  the  problem  to 
another  facet  of  the  environment.  Even  hiding  the 
waste  on  the  "back  forty"  can  adversely  affect  the 
landscape  both  aesthetically  and  materially.  And 
of  course  in  many  cases,  the  farmer  has  sold  the  back 
forty  to  a  new  owner  who  has  other  plans  for  his 
land. 

Those  who  make  the  decisions  will  have  to 


determine,  for  example,  whether  collection  of  all 

sewage  from  the  suburbs  in  vast  treatment  plants 

is  more  or  less  insulting  to  the  environment  than 

dispersing  it  wherever  possible  by  proper  septic 

tanks  into  those  soils  capable  of  absorbing  it. 
*    *  * 

Regardless  of  which  function  of  human  activity 
is  being  considered,  ingenious  ways  will  have  to  be 
devised  to  change  the  rules  and  customs  so  that 
people  will  find  it  profitable  and  stylish  to  disturb 
the  environment  as  little  as  possible.  This  is  where 
education  enters  the  picture.  So  it  is  commendable 
that  colleges  and  universities  are  taking  the  initiative 
to  teach  the  citizenry  how  to  live  harmoniously  with 
the  environment. 

We  need  to  remember,  however,  that  not  all  of 
our  environmental  problems  can  be  solved  by  our 
present  knowledge.  We  must  turn  to  research  to 
help  us  find  ways  of  doing  things  that  are  now- 
undesirable  or  even  intolerable.  But  until  our  present 
knowledge  is  expanded  by  research,  surely  we  can 
use  some  of  the  philosophy  that  has  been  developed 
by  dirt  farmers  and  erstwhile  farmers  like  you  and 
me.  A  farmer  knows  and  loves  the  soil.  He  views 
his  environment  with  respect.  This  attitude,  this 
philosophy,  must  be  universally  adopted,  it  seems 
to  me,  to  give  us  the  moti\  ation  to  use  our  beautiful 
environment  wisely. 


Plaudits  and  Protests 


Prompted  by  a  bit  of  urging  on  the  part  of  our 
Editorial  Board,  the  editorial  office  of  Agricultural 
Science  Review  has  decided  to  abandon  its  previous 
policy  of  saying  nothing  about  any  honors  the 
journal  has  earned.  The  string  of  honors  is  long 
enough  now,  it  seems  likely,  that  we  can  own  up  to 
it  and  at  the  same  time  mention  the  latest  one. 

On  May  13,  1970  Review  won  the  second  place 
award  for  excellence  in  the  7th  annual  publications 
contest  of  the  Federal  Editors  Association.  The 
coveted  Blue  Pencil  award  was  given  to  the  editor 
by  Senator  Tom  Mclntyre  of  New  Hampshire  at  the 
National  Press  Club  awards  luncheon.  Review  had 
been  entered  in  the  category  of  technical  maga- 
zines— a  grouping  in  which  the  competition  is  con- 
sistently brisk. 

Our  record  now  stands  as  follows:  one  first  place 
award,  three  second  place  awards,  and  being  ranked 


among  the  top  five  federal  science  magazines  for 
six  of  the  seven  years  the  journal  has  been  published. 
These  honors  are  humbly  acknowledged ;  they  are 
testimonies  to  the  efforts  of  many  people  who  are 
involved  in  this  publishing  endeavor. 

In  one  way,  the  action  of  the  contest  judges  seems 
to  offer  supporting  evidence  that  Review  might  be 
showing  signs  of  achieving  its  original  goal  of  be- 
coming a  viable  influence  in  the  scientific  community 
by  exciting  inquiring  minds.  Whether  this  is  true  or 
not  is,  of  course,  a  matter  for  readers  to  decide. 
And  the  best  way  to  gauge  the  situation  is  through 
reader  feedback — thoughtful,  provocative  letters 
showing  that  readers  (a)  support  or  oppose 
authors'  ideas,  or  (b)  are  motivated  to  discuss  the 
issues  further.  We  will  be  happy  to  consider  such 
letters  for  publication  in  Review. 
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V  \  WARFARIN-RESISTANT 

RATS  IN  BRITAIN 


ALTHOUGH  the  announcement  of  the 
presence  of  warfarin-resistant  strains  of 
rats  in  Britain  is  not  particularly  significant  as 
a  news  item  [the  first  case  was  documented 
in  1958),  the  story  of  the  research  effort  to 
cope  with  the  situation  is  a  fascinating  exam- 
ple of  how  scientists  are  uniquely  equipped  to 


solve  environmental  problems  that  result 
partly  because  of  prior  technology  they  had 
helped  to  create. 

Insofar  as  the  editorial  office  of  Review  has 
been  able  to  determine,  no  known  agricul- 
turally related  cases  of  such  resistance  in  the 
United  States  have  as  yet  been  documented. 


THE  resistance  of  man's  enemies  to  the  chemical 
compounds  used  to  control  them  is  a  well-known 
phenomenon.  Pathogenic  bacteria  have  become 
resistant  to  antibiotics;  insect  pests  of  agriculture 
and  disease  vectors  have  become  resistant  to  new 
synthetic  insecticides  and,  most  recently,  rodents 
have  become  resistant  to  a  group  of  rodenticides 
known  as  the  anticoagulants.  Warfarin  is  the  most 
widely  used  of  these  compounds  which,  as  their  col- 
lective name  suggests,  act  by  interfering  with  the 
clotting  ability  of  the  blood.  Rats  feeding  upon  bait 
containing  an  anticoagulant  normally  die  from  in- 
ternal bleeding  within  a  week  to  10  days. 


The  discovery  of  the  rodenticidal  properties  of 
warfarin  and  allied  compounds  about  20  years  ago 
heralded  a  breakthrough  in  rodent  control.  War- 
farin-type compounds  were  not  only  extremely  effec- 
tive and  safe  in  use  compared  with  the  older,  acute 
poisons  such  as  arsenic:  they  were  also  very  cheap 
and  simple  to  apply.  By  the  middle  or  late  1950's 
warfarin  had  justifiably  won  a  dominant  position 
in  the  rodenticide  market  in  Britain  and  throughout 
the  world. 


This  article  was  adapted  from  a  paper  which  was  published  in  AgricuU 
lure,  a  journal  of  the  Ministry  of  Agriculture,  Fisheries  and  Food,  Vol.  77, 
No.  3,  March  1970. 
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How  Serious  Is  the  Rat  Problem? 

In  the  absence  of  detailed  surveys,  world 
governments  have  been  able  to  only  guess 
about  their  food  losses  from  rats.  But  the  in- 
formed guesses  are  disturbing  enough,  accord- 
ing to  an  FAO  report. 

Even  in  a  country  like  the  United  States, 
with  sophisticated  ways  of  protecting  what  it 
grows,  grain  destruction  by  rats  is  estimated  to 
be  about  5.3  million  tons  annually.  The  situa- 
tion is  much  worse  in  many  parts  of  Africa, 
Asia,  and  the  South  Pacific.  India  estimates 
that  grain  losses  from  rodents  run  as  high  as 
10.3  million  tons  annually.  FAO  officials  state 
that  55  million  Africans  could  each  be  fed  for 
a  year  from  the  grain  finding  its  way  to  the 
wrong  consumers — the  rats,  the  quelea  birds, 
and  similar  pests. 

The  enormity  of  the  food  losses  caused  by 
rats  can  be  attributed  to  the  same  factor  that 
is  characteristic  of  certain  other  animal 
species,  particularly  man — rapidly  expanding 
populations.  Rattus  natalensis,  the  most  de- 
structive rat  in  Africa,  produces  litters  of  10 
to  20  once  a  month  from  the  age  of  3  months, 
and  may  continue  to  do  so  for  several  years. 
One  pair  of  Indian  bandicoots — rats  as  big  as 
cats — can  multiply  to  900  within  a  single  year. 

And  so  the  populations  grow.  When  they 
are  hungry,  the  storehouse  of  man  becomes  a 
handy  pantry. 


Resistance  to  Warfarin 

It  was,  therefore,  a  matter  for  concern  when  the 
first  case  of  resistance  to  warfarin  was  discovered  in 
1958  among  rats  on  a  farm  just  outside  Glasgow.  It 
soon  became  evident  that  the  resistance,  by  the  time 
it  had  been  discovered,  had  already  spread  exten- 
sively. The  inadequacy  of  the  acute  poisons,  the  only 
alternative  rodenticides,  now  became  all  too  appar- 
ent, and  it  was  a  practical  impossibility  to  ex- 
terminate the  resistant  population.  The  area  in 
Scotland  now  affected  by  resistance  covers  upwards 
of  800  sq.  miles. 

The  second  significant  report  of  resistance  con- 
cerned two  farms  in  Montgomeryshire  in  1960. 
Here,  despite  the  vigilance  of  local  pests  officers  and 
health  authorities  following  the  Scottish  outbreak, 
the  resistance  was  once  more  not  discovered  until  it 
had  spread  too  far  to  be  stamped  out,  and  today 
resistant  rats  occur  in  an  area  of  at  least  1,000  sq. 
miles  in  Montgomeryshire  and  Shropshire. 

A  third  outbreak  was  discovered  in  1968  in  Kent 
where  resistant  rats  are  now  known  to  have  spread 
through  an  area  of  40-50  sq.  miles.  These  are  the 
only  areas  where  resistant  rats  are  known  to  have 
become  established  in  Britain.  There  have,  how- 
ever, been  a  number  of  instances  in  Somerset, 
Gloucestershire  and  Nottinghamshire  where  out- 
breaks have  been  identified  at  a  sufficiently  early 
stage  to  make  eradication  of  the  resistant  rats  feasible 
by  intensive  use  of  acute  poisons.  Most  recently,  rats 
resistant  to  warfarin  have  been  found  in  Berkshire 
and  Carmarthenshire.  It  is,  however,  as  yet  too  soon 
to  be  sure  that  the  attempted  elimination  of  these 
outbreaks  has  been  successful. 

In  continental  Europe  resistant  rats  are  well  es- 
tablished in  Denmark,  while  in  Holland  a  small 
outbreak  early  in  1968  appears  to  have  been 
stamped  out.  Less  well  authenticated  instances  of 
resistance  to  warfarin  in  rodents  have  been  reported 
elsewhere  in  the  world,  for  example  in  the  sugar 
cane  fields  of  Guyana  and  in  the  rice  paddies  of 
Ceylon.  It  seems  possible  that  wherever  warfarin 
is  intensively  used  for  a  substantial  period  of  time, 
rodent  populations  may  have  the  capacity  to  re- 
spond by  developing  resistance. 

Research 

A  SMALL  group  of  biologists  in  the  Ministi7  of 


Agriculture,  Fisheries  and  Food's  Infestation  Con- 
trol Laboratory  engaged  in  research  on  harmful 
mammals  has  been  closely  involved  in  the  problem 
of  warfarin-resistance  since  it  first  occurred.  Their 
work  includes  severely  practical,  on-the-spot  inves- 
tigations of  new  outbreaks  of  resistant  rats  and  also 
more  theoretical  studies  aimed  at  elucidating  the 
nature  of  resistance  and  the  variables  influencing  its 
spread  in  rat  populations.  It  is  only  by  exploring  a 
whole  complex  of  biological  factors,  ranging  from 
the  feeding  behavior  of  the  rats  to  their  physiolog)' 
and  genetics,  that  the  resistance  problem  can  be  ade- 
quately understood  and  laid  open  to  attack. 

The  recent  discovery  at  the  Laboratory  of  geneti- 
cal  linkage  in  rats  between  resistance  of  the  Shrop- 
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shire-Montgomeryshire  type  and  coat  color  is  one 
more  step  forward,  albeit  to  the  layman  a  rather 
esoteric  one,  in  understanding  the  problem.  In  par- 
ticular this  linkage  provides  one  of  the  most  con- 
vincing kinds  of  evidence  showing  that  the  resistance 
is  passed  from  parent  to  offspring  by  means  of  a 
single  heritable  unit  or  gene.  This  is  important  be- 
cause resistance,  if  due  to  a  single  gene,  can  spread 
more  rapidly  through  the  rat  population  than  if 
several  different  genes  are  involved.  Because  the 
resistance  gene  has  now  been  genetically  mapped 
with  reference  to  other  genes  determining  coat 
color,  it  will  also  be  possible  to  say  more  precisely 
in  future  whether  new  instances  of  resistance  are  of 
the  same  or  of  a  different  kind. 

Overcoming  Resistance 

The  main  research  projects  at  the  Laboratory  are, 
however,  linked  in  a  more  obvious  way  to  the  prac- 
tical problems  of  overcoming  resistance.  One  such 
experiment  has  been  an  attempt  to  isolate  the  re- 
sistant rats  in  Shropshire  and  Montgomeryshire. 
Between  1962  and  1965  surveys  indicated  that  the 
resistant  rat  population  was  expanding  across  the 
countryside  at  the  rate  of  about  three  miles  per  year. 
In  1966  an  intensive  survey  established  the  limits  of 
resistance,  and  a  zone  roughly  three  miles  wide  was 
delineated  around  the  perimeter  of  the  resistance 
area.  All  the  places  likely  to  harbor  rats  on  this 
perimeter  or  containment  zone  were  systematically 
inspected  and  every  infestation  that  was  discovered, 
small  as  well  as  large,  was  treated  with  acute  poisons. 
Every  farmer  in  the  containment  zone  was  also 
asked  to  call  upon  a  special,  free,  rat-destruction 
service  being  operated  by  the  Ministry  whenever 
rats  appeared  on  his  land  in  future. 

It  should  be  emphasized  that  this  containment 
scheme  was  a  purely  experimental  project  by  means 
of  which  it  was  hoped  to  discover  whether,  by  in- 
creasing the  efficiency  of  rat  destruction  and  by 
imposing  the  maximum  voluntary  restraint  on  the 
use  of  anticoagulants  in  the  containment  zone,  the 
outward  spread  of  resistance  could  be  halted.  Un- 
fortunately, events  seem  to  have  conspired  to  reduce 
the  success  of  the  scheme. 

First  the  epidemic  of  foot-and-mouth  disease  that 
affected  the  area  in  1967  imposed  restrictions  on  the 
movement  of  Ministiy  operators  so  that  for  a  period 
of  some  months  they  were  unable  to  visit  all  the 


farms  requiring  treatment.  Second  a  considerable 
number  of  farmers  in  the  containment  zone  con- 
tinued, despite  all  efforts  to  persuade  them  other- 
wise, to  use  warfarin.  This  practice,  by  selectively 
eliminating  susceptible  rats,  helped  the  resistance 
to  become  firmly  established  in  the  containment 
zone.  Eventually,  monitoring  operations  showed  that 
in  1969  in  a  further  three  mile  wide  zone  outside  the 
containment  zone  a  small  proportion  of  the  rats 
were  resistant.  This  proportion,  small  though  it  was, 
showed  conclusively  that  the  effort  to  contain  the 
resistance  had  not  succeeded.  It  can  be  predicted 
that  increasing  difficulty  will  be  experienced  in 
dealing  with  rat  infestations  just  outside  the  con- 
tainment zone  by  means  of  anticoagulants.  To  the 
extent  that  the  containment  scheme  has  slowed 
down  the  spread  of  resistance  and  so  gained  time 
for  the  development  of  other  countermeasures,  it 
has,  however,  provided  a  useful  breathing  space. 

One  of  the  more  significant  features  of  the  situa- 
tion in  the  Shropshire-Montgomeryshire  resistance 
area  is  that,  in  spite  of  the  fact  that  about  a  third  of 
the  farmers  are  continuing  to  use  warfarin-type 
compounds,  the  incidence  of  resistance  among  the 
rat  population  appears  to  have  reached  a  plateau.  It 
will  be  obvious  that  if  susceptible  rats  are  being 
selectively  destroyed  by  warfarin,  then  the  propor- 
tion of  resistant  animals  should  be  increasing.  The 
only  possible  explanation  for  such  stabilization  of 
the  resistance  is  that  the  resistant  rats  suffer  some 
disadvantage  relative  to  the  susceptible  rats  in  re- 
spect of  environmental  pressures  other  than  the  use 
of  warfarin. 

The  possible  nature  of  this  disadvantage  has  been 
revealed  by  the  work  of  a  group  of  American  bio- 
chemists studying  resistant  rats  descended  from  ani- 
mals sent  across  the  Atlantic  from  Infestation  Con- 
trol Laboratory  some  years  ago.  They  have  found 
that  the  resistant  rats  require  more  vitamin  K  than 
do  susceptible  rats  to  keep  them  in  good  health.  In 
the  field  it  is  quite  likely  that  the  amount  of  avail- 
able vitamin  K  is,  at  times,  insufficient  to  maintain 
resistant  rats  while  being  quite  adequate  to  sustain 
susceptible  animals.  These  observations  strongly 
suggest  that  if  anticoagulants  could  be  completely 
supplanted  by  other  rat  poisons  in  the  area  affected 
by  resistance,  then  not  only  the  further  spread  of 
resistance  might  be  prevented  but  also  the  resistant 
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rats  would  dwindle  in  numbers  over  the  years  and 
perhaps  eventually  disappear. 

Use  of  Rodenticides 

There  are,  unfortunately,  many  difficulties  in  the 
way  of  any  serious  attempt  to  regulate  the  use  of 
particular  rodenticides  in  this  way.  While  common 
sense  dictates  the  strategy  of  using  only  non-anti- 
coagulant rat  poisons,  this  can  prove  difficult  in 
practice  because  the  effective  alternative  poisons  are 
much  more  dangerous  to  humans  and  livestock. 
There  would  be  a  very  much  greater  incentive  to 
users  of  rodenticides  to  switch  from  warfarin  if  an 
equally  safe  and  effective  alternative  were  available. 
Again,  the  provision  of  satisfactory  alternatives  to 
the  anticoagulants  would  be  the  best  long-term  pro- 
tection that  could  be  offered  to  people  living  outside 
the  existing  resistance  areas  and  would  enable  new 
outbreaks  of  resistance  to  be  stamped  out  much 
more  easily  than  at  present.  For  these  reasons  the 
highest  priority  is  given  at  Infestation  Control  Lab- 
oratory to  the  search  for  new  compounds  suitable 
for  use  as  rodenticides. 

The  prospects  of  success  in  this  project  are  diffi- 
cult to  evaluate  and  no  one  can  be  sure  just  how 
soon  or  how  long  it  will  be  before  a  compound  as 
good  as  warfarin  is  discovered.  The  pharmaceutical, 
pesticides  and  chemical  industries  are  playing  a 
major  role  in  the  project  by  providing,  for  testing, 
samples  of  novel  compounds  synthesized  by  their 
teams  of  chemists.  The  Laboratory  itself  has  no 
commercial  interest  in  the  compounds  and  is  in 
effect  making  special  facilities  and  expertise  avail- 


able to  industry.  This  approach  is  of  mutual  advan- 
tage because  in  the  pharmaceutical  industry,  for 
example,  thousands  of  new  compounds  are  syn- 
thesized each  year  which  eventually  turn  out  to  be 
useless  to  medical  science;  many  such  compounds 
prove  too  toxic  to  be  used  as  drugs  and  it  is  pre- 
cisely this  sort  of  compound  that  is  likely  to  be  of 
greatest  interest  as  a  possible  rat  poison. 

Up  to  the  present  there  has  been  no  obvious  in- 
crease in  rat  infestation  as  a  result  of  resistance  in 
Britain,  possibly  because  the  areas  that  have  been 
affected  so  far  have  been  predominantly  rural.  Rats 
have  always  been  quite  numerous  in  the  countryside 
and  though  undoubtedly  farmers  are,  on  occasion, 
having  problems  in  dealing  with  resistant  rats,  they 
can,  in  general,  keep  infestations  down  to  a  fairly 
low  level  by  the  use  of  acute  poisons.  If,  however, 
resistant  rats  were  to  spread  into  urban  areas — and 
it  is  here  that,  with  warfarin,  rat  control  has  been 
as  intensive  and  successful  in  Britain  as  anywhere 
in  the  world — local  authorities  would  encounter 
difficulties  in  maintaining  standards  by  the  use  of 
acute  poisons.  But,  provided  the  necessary  resources 
are  allocated  to  the  work,  urban  rat  control  need 
be  no  less  effective  than  it  was  before  ^varfarin  came 
into  general  use.  Fortunately,  however,  it  is  likely 
to  be  some  years  before  this  situation  arises,  and 
there  is  a  good  chance  that  research  will  provide 
an  answer  to  the  problem  in  the  meantime. 

/.  H.  Greaves 
Infestation  Control  Laboratory 
Ministry  of  Agriculture,  Fisheries 
and  Food,  Tolworth,  Surrey 
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FORUM 

MEMO  TO  COLLEGES  OF  AGRICULTURE 

The  following  "memo"  was  originally  directed  to 
the  agricultural  colleges  of  Canada.  Is  there  per- 
haps some  relevancy  in  this  message  for  U.S.  agri- 
cultural colleges? 

I BELIEVE  our  modern  colleges  of  agriculture 
are  failing  to  adjust  fully  to  the  fact  that  the 
community  they  serve  has  changed  and  is  changing. 
More  important  perhaps,  the  problems  which  per- 
plex it  have  changed  markedly  over  the  years. 

It  is  true  that  colleges  of  agriculture  have  changed 
in  many  ways  since  the  first  one  in  Canada,  the  On- 
tario Agricultural  College,  was  established  nearly  a 
century  ago.  While  the  term  "cow"  college  may 
have  been  accurately  descriptive  in  the  early  years, 
it  was  not  long  before  the  sciences  were  introduced 
into  the  agricultural  colleges.  Research  into  the 
problems  of  crop  and  animal  production  and  farm 
mechanization,  carried  out  largely  in  colleges  of 
agriculture,  provided  the  technology  that  has  made 
agriculture  one  of  "the  three  industries  that  to- 
gether .  .  .  with  steel  and  automobiles  .  .  .  have 
powered  the  tremendous  growth  of  the  developed 
economies  of  the  West  (and  of  Japan)  in  the  last  20 
years''.^ 

'  Drucker,  Peter  F.  The  Age  of  Discontinuity.  Harper  and  Row,  1968. 


These  advances  in  agricultural  science  and  tech- 
nology have  resulted  in  a  success  story  unparalleled 
in  history.  Production  per  acre  has  been  increased. 
Production  per  worker  on  the  farm  has  been  in- 
creased dramatically,  releasing  large  numbers  of 
people  for  more  productive  work  in  other  industries. 
The  percentage  of  income  required  to  purchase  his 
food  has  steadily  decreased  for  each  Canadian. 

Success  Holds  Danger 

The  danger  of  success,  however,  is  that  it  may 
lead  to  complacency.  The  past  success  of  agricul- 
ture, and  indirectly  of  colleges  of  agriculture,  in 
applying  science  and  technology  to  production  is  not 
sufficient  justification  for  the  continuing  existence 
of  colleges  of  agriculture. 

Within  many  university  agricultural  faculties, 
there  is  concern  about  "the  image  of  agriculture". 
This  concern  is  justified.  If  one  were  to  ask  the  offi- 
cials of  any  faculty  of  agriculture  what  really  new 
programs  have  been  introduced  in  the  last  30  years, 
they  would  be  hard  put  to  think  of  one.  Yet  there 
are  plenty  of  new  problems. 

If  faculties  of  agriculture  continue  to  act  as  tradi- 
tionalists who  react  to  criticism  by  pointing  out  the 
great  accomplishments  of  the  past  in  increasing 
food  production,  and  fail  to  see  new  and  more 
pressing  problems  to  solve  or  missions  to  serve,  then 
colleges  of  agriculture  deserve  their  image.  Cer- 
tainly, they  will  not  be  fulfilling  the  total  role  of 
which  they  are  capable  and  which  this  generation 
has  a  right  to  expect  of  them. 

Among  the  faculties  that  are  found  at  universi- 
ties, none  have  been  more  oriented  toward  the  prob- 
lems of  people  than  have  colleges  of  agriculture. 
But  people  have  problems  of  interaction  with  their 
environment  that  are  not  related  to  food  supply, 
recreation,  waste  disposal  and  housing,  to  name  a 
few. 

We  need  a  broader  view.  The  word  "agriculture" 
really  means  "the  science  of  land"  and  one  defini- 
tion of  the  word  land  is  "any  ground,  soil  or  earth 
regarded  as  a  subject  of  ownership  as  meadows, 
pastures,  woods  and  everything  annexed  to  it 
whether  by  nature  (trees,  water)  or  by  man  (as 
buildings,  fences)  extending  indefinitely  vertically 
upwards  and  downwards."  (Webster's  Third  New 
International  Dictionary) . 
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Many  of  the  problems  which  perplex  society  to- 
day are  related  in  some  way  to  land,  not  just  for 
production  of  food  but  for  recreation,  for  transpor- 
tation and  communications,  for  houses,  factories, 
schools  and  cities.  Questions  of  allocation  of  land 
for  various  purposes  and,  after  allocation,  the  prob- 
lems of  using  it  effectively  for  the  planned  purpose, 
and  the  problems  of  how  to  avoid  despoiling  the 
land  (soil,  water,  air)  by  intelligent  disposal  of  the 
"effluent  of  our  affluent  society"  are  questions  of 
real  urgency  and  relevance. 

Broader  Outlook  Needed 

I  BELIEVE  it  is  time  that  colleges  of  agriculture 
redefined  their  mission  to  make  it  more  broadly  rele- 
vant to  the  problems  that  "perplex  society;"  prob- 
lems that  will  yield  to  the  application  of  the  princi- 
ples of  agricultural  science,  problems  that  extend 
well  beyond  but  include  the  problems  of  food  pro- 
duction. Colleges  of  agriculture  should  be  con- 
cerned with  the  total  relationship  of  man  to  land. 

I  do  not  suggest  that  colleges  of  agriculture  now 
have  people  who  are  capable  in  each  of  the  several 
aspects  of  the  problem  of  man  and  his  environment. 
They  generally  lack  the  necessary  strength  in  the 
social  sciences,  especially  sociology  and  politics. 
While  there  are  some  sociologists  in  colleges  of  agri- 
culture, there  need  to  be  more  of  them. 

Some  might  argue  that  sociologists  and  political 
scientists  in  faculties  of  arts  should  be  encouraged 
to  coordinate  with  the  faculties  of  agriculture.  I  am 
not  optimistic  about  the  likelihood  of  this.  We  need 
sociologists  who  are  interested  in  the  problems  of 
man's  relationship  to  animals,  plants  and  land,  not 
just  man's  relationship  to  man  as  has  been,  and  still 
is,  generally  the  case. 

Perhaps  the  best  way  to  meet  the  need  is  to  recruit 
sociologists  and  political  scientists,  as  has  been  done 
with  economists,  into  the  college  of  agriculture. 
There  is  a  need  for  a  department  of  human  ecology 
in  the  college  of  agriculture.  Such  a  department 
would  include  people  who  are  interested  in  man's 
relationship  to  his  environment  from  man's  point  of 
view;  call  them  human  ecologists  if  you  wish. 

If  colleges  of  agriculture  do  not  accept  the  chal- 
lenge of  these  new  missions,  other  colleges  will  be 
established  to  do  the  job.  This  would  be  regrettable, 
not  because  the  image  of  the  college  would  be  fur- 
ther tarnished,  but  because  the  acknowledged  scien- 


tific strength  in  the  college  of  agriculture  will  not 
be  efTectively  mobilized  to  attack  the  pressing  prob- 
lems of  human  ecology  that  do  not  involve  food. 

Critical  internal  study  of  its  mission  will  inevitably 
involve  the  college  in  a  study  of  its  internal  orga- 
nization. Most  colleges  of  agriculture  are  organized 
on  a  "commodity"  basis,  that  is,  there  is  a  depart- 
ment for  field  crops,  for  horticulture,  for  animals, 
for  poultry,  for  soils,  etc.  But  the  actual  problems 
are  not  confined  to  one  particular  department  or  a 
single  discipline.  They  transcend  them. 

There  must  be  a  mechanism  for  transcending  the 
departments,  a  means  of  orienting  the  whole  college 
in  a  coordinated  approach  to  the  problems.  Colleges 
of  agriculture  traditionally  seem  to  suffer  more  than 
most  from  "unscalable  walls"  between  departments. 
The  faculty  that  can  manage  to  batter  down  these 
walls  will  be  effective  in  solving  real  problems  which 
are  invariably  "interdisciplinary". 

Too  often,  those  of  us  in  colleges  of  agriculture, 
when  faced  with  the  criticism  implied  above,  take  a 
defensive  stance.  We  should,  rather,  set  out  boldly 
to  review  our  missions  and  our  academic  emphasis. 

Let  us  choose  as  our  missions  those  that  we  can 
make  distinctively  our  own.  Let  us  not  choose  to 
emphasize  or  assume  special  responsibility  for  mis- 
sions such  as  general  education  in  science  that  can 
be  and  often  are  assumed  by  other  faculties.  To  do 
so  will  only  cloud  our  vision  and  prevent  us  from 
seeing  the  special  missions  that  should  be  ours — 
missions  such  as  the  solution  of  the  problems  of 
people  in  the  modern,  urbanized  rural  environment, 
the  proper  use  of  land  and  other  natural  resources 
to  meet  the  competing  needs  of  society,  and  the 
pressing  problems  of  maintaining  the  quality  of  our 
natural  environment. 

I  am  confident  that  agricultural  colleges  have  the 
professional  capability  and  the  orientation  toward 
real  problems  of  people  that  will  enable  them  to 
play  a  leading  role  in  these  new  missions,  as  well  as 
in  the  traditional  mission  of  increasing  food  produc- 
tion. We  have  the  capability.  Do  we  have  the  fore- 
sight to  embrace  the  opportunity? 

B.  C.  Matthews,  Vice-President, 
Academic,  University  of  Guclph, 
Guelph,  Ontario.  Reprinted  from 
AIC  Review,  journal  of  the 
Agricultural  Institute  of  Canada, 
Jan.-Feb.  1970 
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